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ABSTRACT 
 
 There have been many attempts to study the factors that have contributed to 
Malaysia’s robust economic growth.  However, the relationship between productivity and 
Malaysia’s past economic performance remains unclear.  Past studies tend to focus on the 
role of capital accumulation through inflows of foreign capital and the role of socio-
economic policies.  The use of information and communication technology (ICT) as a 
source of productivity improvement has scarcely been covered in those analyses.  The 
recent usage of ICT was poorly regarded as one of the contributing factors in improving the 
productivity of the Malaysian economy.  Therefore, the recent Malaysian economic growth 
does not appear to be fully explained in the past studies.  
 
The Malaysian economy has been dominated by the service sector, which 
constituted 41.8% of the Gross Domestic Product (GDP) in 1960, 48.4% in 2000, and 
56.8% in 2003.  The agricultural sector used to be the second most dominant, but it has been 
replaced by the manufacturing sector since the 1980s.  The manufacturing sector’s share in 
the economy increased markedly from 8.6% in 1960 to 32.6% of the GDP in 2000, and to 
30.6% in 2003.  Conversely, the agricultural sector decreased from 40.5% in 1960 to 8.8% 
in 2000, and to 8.2% in 2003.  Many factors have contributed to this rapid transformation of 
the economy.  Foreign investment has helped the manufacturing sector expand its share in 
the GDP. In particular, ICT-related manufacturing activities have increased rapidly during 
the last two decades.  As a result, ICT-related manufactured products contributed 53.5% of 
the total manufacturing output in 2000, and 55.1% in 2003, whereas there was practically no 
ICT manufacturing in the 1970s.  Since the service and manufacturing sectors constituted a 
major portion of the GDP, efforts to improve productivity in these sectors have led to far-
reaching benefits for the overall Malaysian economy.  
 
During the 1990s, there was an enormous increase in investment in ICT by 
businesses in those two sectors with the intention of enhancing their competitiveness and 
productivity.  ICT investment started in the 1980s and grew more than fourfold between 
1990 and 2003.  ICT-related manufacturing companies headed the manufacturing sector in 
investing in ICT during that period, while financial service companies were the leading 
investors in the service sector.  The high level of investment by the manufacturing sector 
during the 1990s was driven by the need to increase efficiency in business processes and to 
improve competitiveness in the global market.  For financial service companies, the high 
level of ICT investment during the same period was due to continuous efforts to upgrade 
their computer networking infrastructures and to prepare for launching Internet banking 
services.   
 
The combined efforts of the manufacturing and service sectors have helped Malaysia 
achieve a relatively high level of ICT usage compared with many other developing 
countries.  This high level of ICT usage in Malaysia has been recognized by such 
international organizations as the International Telecommunication Union (ITU), which 
regards Malaysia as having a leading position among the developing countries in Asia.  In 
the e-readiness index developed by international expert communities such as the Economist 
Intelligence Unit (EIU), Malaysia ranks ahead of other developing countries, suggesting a 
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higher level of e-readiness in ICT usage, which provides a better opportunity to further 
innovate and to gain benefits from technology.  
 
 It is the theme of this thesis to identify the impacts of ICT investment and utilization 
on the Malaysian economy. The prevalent usage of ICT in firms’ business processes is 
expected to have helped improve the labor productivity in these sectors and, theoretically, in 
aggregate, the improvement is to have translated into economic growth.  This output growth 
is considered productivity-driven economic growth, which is different from input-driven 
economic growth.  
 
To examine the productivity of the Malaysian economy, this thesis uses a 
combination of six approaches,  four of which are sector-specific, and two of which are 
macroeconomic-based.  By combining these approaches, the thesis attempts to produce a 
comprehensive picture for the purpose of understanding the productivity improvements in 
the Malaysian economy.  The sector-specific approaches provide assessment of the 
productivity of the major economic sectors, while the macroeconomic approaches evaluate 
the productivity of the whole economy.  In addition to the six approaches, this thesis is also 
supported by a survey on the impacts of ICT usage among small and medium-sized firms, as 
well as an assessment of the latent factors that correlate with ICT usage.  
 
The Organization of Economic Cooperation and Development (OECD) initiated a 
number of cross-country studies assessing the impact of ICT usage.  In its earlier studies, 
the level of ICT usage was assumed to be represented by the level of ICT investment 
because more ICT investment is likely to establish the infrastructure for the use of ICT, in 
particular  ICT networks, and to help provide businesses with more productive equipment 
and software.  Those studies suggested that ICT investment has made direct and indirect 
contributions to the economic growth of many OECD countries in the 1990s.  The direct 
contribution of ICT investment to the economic growth was roughly assessed by measuring 
ICT investment’s share in the total investment of each national economy.  
 
In contrast, the assessment of the indirect contribution of ICT investment to the 
economic growth remained difficult, but it was estimated through improvement in 
productivity resulting from increased ICT usage.  Estimating the indirect contribution of 
ICT usage has become the main focus of the most recent OECD studies.  They have focused 
on a firm level, a sector level, and the whole economy.  For the firm level analysis, the 
OECD studies use more specific indicators of ICT usage by comparing the relative intensity 
of ICT usage among firms.  The studies suggest that ICT usage in the 1990s helped improve 
productivity at all those levels of the economy (the firm level, the sector level, and the 
whole economy), which ultimately contributed to the economic growth of many OECD 
countries.  
 
 The OECD studies have tried to show that increased ICT usage has improved both 
productivity and economic growth.  In assessing the productivity impact of ICT usage in 
developed countries, however, the results of past studies have been mixed.  Some have 
revealed that despite technological advancement and ICT usage improvement in the 1980s, 
productivity in developed countries declined.  This phenomenon has been dubbed the 
 iv
“productivity paradox.”  The OECD studies, however, are not necessarily in line with this 
view, suggesting that the productivity paradox is not so straightforward, but rather 
productivity improvement was more obvious in the 1990s.  
 
As for Malaysia, its ICT usage has followed very similar trends to those in OECD 
countries.  Results of this thesis suggest that the increasing trend of ICT usage in the 
economy positively contributed to Malaysian economic productivity during the 1990s.  Due 
to the paucity of available data for ICT usage during the 1980s, this thesis has difficulty in 
making an assessment for that period.  However, productivity in the manufacturing sector 
improved in the 1990s, led by the ICT-related manufacturing sector.  During the same 
period, productivity improvement in the service sector is observed, particularly in the 
financial services sub-sector.  Because both the manufacturing and service sectors are 
simultaneously dominant and the main users of ICT in the Malaysian economy, their 
increased ICT usage seems to have naturally contributed to the general improvement in 
productivity and economic growth.   
 
 By using the so-called Solow model of total factor productivity (TFP) measurement 
on a macro level, this thesis confirmed that the Malaysian economy experienced higher 
productivity in the 1990s as compared with the 1980s.  As argued in regard to the OECD 
countries, the improved TFP in the Malaysian economy is considered to have clearly 
reflected a spill-over effect from technological innovations, especially in ICT-related areas.   
 
 The above results of improved productivity in major economic sectors and in the 
whole economy correspond to the findings on Malaysia’s economic growth performance.  
By using a macroeconomic production function, the productivity of the Malaysian economy 
in the 1990s is shown to be higher when compared with the 1980s.  In theory, increased 
productivity is possible only with technological improvement, efficiency improvement in 
labor and capital usage, and/or favorable and stable economic conditions.  Considering the 
conditions that surrounded Malaysia, the increased ICT usage during the 1990s is one of the 
most likely factors that brought about this clear improvement both in productivity and 
economic growth.  Given the most recent trend in ICT usage, the Malaysian economy will 
continue to achieve both higher productivity and economic growth in the near future.  This 
future trend, however, will be sustained only by improving the level of e-readiness and 
further intensifying ICT usage in the economy.  
 
 This thesis is composed of five chapters and eight appendixes.  Chapter 1 begins 
with a discussion of ICT usage, followed by a review of the theoretical background 
underpinning the theme of the thesis.  This chapter also spells out the framework and 
methodology used to assess the impacts of ICT.   Chapter 2 reviews the economic 
contribution of ICT investment and usage in OECD countries and the nature of ICT 
investment and usage in the Malaysian economy.  Chapter 3 analyzes the impacts of ICT 
investment and usage in the main sectors of the Malaysian economy.  Chapter 4 analyzes 
the impacts of ICT investment and usage in the whole economy. Finally, in Chapter 5, the 
findings are summarized and the implications of the study are elaborated.  
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ICT USAGE IN MALAYSIA: 
A STUDY ON ITS ECONOMIC IMPACT 
 
CHAPTER 1 
INTRODUCTION 
 
1.1. Introduction 
 
 The Malaysian economy has experienced high growth since the 1980s, with the 
growth further accelerating during the 1990s.1   There are many attempts to explain 
Malaysia’s rapid economic growth experience, but the relationship between productivity 
and Malaysia’s past economic performance remains unclear.  This study tries to bring a 
new perspective to the understanding of Malaysia’s recent economic development by 
assessing the role of information and communication technology (ICT) usage in 
contributing to productivity and economic growth, in particular during the 1990s.  
 
 This chapter starts with key economic concepts of ICT usage, background theory, 
analytical purposes, and rationale.  It also explains the methodological framework of this 
thesis.  
 
1.2. Key Concepts and Their Significance in the Economy 
 
1.2.1 ICT Usage and Its Indicators 
 
“ICT usage” refers to the usage of information and communication technology, 
both in the form of computer-mediated networks and normal usage of computers by firms 
in facilitating business processes.2  Business processes include administrative activities 
(such as staffing, record keeping, accounting, meeting, and marketing), production of 
goods (industrial and consumer goods) and services (transportation, communication, 
publication, broadcasting, education, healthcare, etc.), and transactions (e-commerce 
activities).   
 
The development of ICT usage commenced with the invention of computers that 
were used for computation and mathematical model analysis in the 1960s.  Then with the 
advancement in software, it expanded to sophisticated simulations, 
business/administrative usage, and a variety of other purposes.  The term “information 
technology,” or “IT,” was coined to reflect this expanded usage.  As communication 
through computer networks became common, the term “ICT” came to replace the 
original term “IT.”  However, most literature, including Asian government documents, 
                                                 
1 The economy grew by 6% in the 1980s, and accelerated to 9% during the 1990s (excluding the recession 
years of 1997 and 1998).  
2 ICT usage can be in the form of closed or open networks, online or offline, connected or standalone PCs.  
A detailed explanation of these concepts is provided in Appendix 1.1. 
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still uses the term “IT” to cover both computer-mediated networks and the normal usage 
of computers.  In this thesis the terms “ICT” and “IT” are equivalent.  
 
 There are various ways to measure the level of ICT usage.  At a firm level, the 
most direct way is to measure the extent and intensity of ICT usage among firms.  This 
direct measurement has been adopted by the National Productivity Corporation (NPC) of 
Malaysia for assessing the level of ICT usage among manufacturing firms. 3   The 
Organization of Economic Cooperation and Development (OECD) also uses a variation 
of this direct measurement in conducting case studies in some OECD countries, shown, 
for instance, in ICT and Economic Growth: Evidence from OECD Countries, Industries, 
and Firms, which will be reviewed in Chapter 2. 
 
 At a macro level, ICT usage is also marked by various indicators.  Those 
indicators are basically proxies or indirect measures of ICT usage that have been 
developed for international comparison.  Some examples of these proxies are contained 
in the e-readiness index developed by the Economist Intelligent Unit (EIU), the digital 
access index developed by the International Telecommunication Union (ITU), and the 
ICT development index developed by the United Nations Conference on Trade and 
Development (UNCTAD).  The EIU and ITU assessments of Malaysia will be discussed 
in Chapter 2. 
 
 Another indirect measurement of ICT usage is the comparison of the level of ICT 
investment to total investment.  The OECD uses ICT investment as a core indicator of 
ICT usage since investment in ICT establishes the infrastructure (ICT networks) and 
provides productive tools (ICT hardware and software) for enhancing business processes.  
This context of ICT usage is discussed in the OECD’s ICT and Economic Growth: 
Evidence from OECD Countries, Industries, and Firms, which will also be reviewed in 
the next chapter.  
                                                 
3 The Table below simplifies an example of intensity and extent of ICT usage.  Firms A, B, and C have 
three stages of business processes (marked as stages 1, 2, and 3) and each stage has ten tasks.  Intensity 
refers to the level of ICT usage in each of the stages.  For example, “high intensity” refers to when more 
than 70% of tasks are supported by ICT, “medium intensity” refers to when 40% to 70% of tasks are 
supported by ICT, and “low intensity” refers to when less than 40% of tasks are supported by ICT).  
Therefore, for stage 1, firm A has low intensity (10%), firm B has medium intensity (50%), and firm C has 
high intensity (80%).  For stage 2, all the firms have the same level of intensity.  For stage 3, firms A and C 
have the same intensity. 
The extent of ICT usage refers to the coverage of ICT usage in the stages of production processes.  Firm A 
has a higher extent than firm B since it uses ICT in all stages ( 1, 2, and 3), whereas firm B uses ICT just in 
stages 1 and 2.  Firms A and C are considered to have the same extent of ICT usage, as they use ICT for all 
three stages, though firm C has better intensity in stage 1 than firm A.  
Intensity and Extent of ICT Usage 
 Stage 1 Stage 2 Stage 3
Firm A 10% 80% 80% 
Firm B 50% 80% 0% 
Firm C 80% 80% 80% 
Note: The differentiation between intensity and extent of ICT usage is applied in the NPC studies, which 
will be elaborated on in Chapter 2.  The OECD studies, however, used these terms interchangeably. 
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 3
 Figure 1.1 shows these various indicators for ICT usage, both at the firm and 
macro levels.   
Figure 1.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(SOURCE: The OECD, the NPC, and the EIU) 
Indicators of the Intensity and Extent of 
ICT Usage 
Stage 1: ICT Usage in 
Administrative Activities: 
• Payroll  
• Accounting and Finance  
• Transaction Processing  
• Personnel  
Stage 2: ICT Usage in 
Supportive Activities: 
• Inventory Control  
• Material Planning  
• Staff Scheduling  
• Product Design  
• Process Planning  
Stage 3: ICT Usage in 
Primary Activities: 
• Machining 
• Production Planning, Scheduling and Loading 
• Quality Control 
• Material/Work-in-Process/Final Product 
• Packaging 
Note:  
The three stages of business processes include: (1) 
Administrative, (2) supportive, and (3) primary 
activities. 
Levels of intensity in ICT usage include: high (more 
than 70% of tasks in each stage are supported by 
ICT), medium (between 40% - 70% of tasks are 
supported by ICT), and low (less than 40% of tasks 
are supported by ICT). 
Levels of extent in ICT usage include: full extent 
(when ICT is used in all three stages), medium extent 
(when two of three stages are supported by ICT), and 
low (when only one of the three stages is supported by 
ICT).  
E-Readiness Index (Weight) 
Connectivity and Technology Infrastructure (25%):  
Access to fixed and mobile telephone services, personal computers 
and the Internet  
Business Environment (20%):   
The strength of the economy, political stability, regulatory 
environment, taxation, and openness to trade and investment  
Consumer and Business Adoption (20%):  
The prevalence of e-business practices, assistance provided to 
firms in their effort to develop logistics and online payment 
systems, the availability of finance and state investment in ICT  
Social and Cultural Infrastructure (15%):  
“E-literacy” amongst the workforce and the national proclivity for 
business innovation and entrepreneurship  
Legal and Policy Environment (15%): 
The overall legal framework and its specific laws governing the 
Internet, the government’s policy and capital allocation--the 
development of ICT infrastructure  
Supporting E-Services (5%). 
Ancillary services to support e-business, including consulting and 
ICT services, as well as back-office solutions  
 
ICT Investment 
A high investment in ICT (measured by the percentage of total 
investment) is considered to reflect better ICT usage in the 
economy.  Similarly, at a firm level, when the firm invests more in 
ICT, more workers and more tasks can be supported by ICT.  
Hence, this firm is likely to have higher ICT usage than other 
firms that invest less. 
ICT Usage Indicators 
Macro Level (Indirect Indicators) 
• E-Readiness Index 
• ICT Investment 
 (Indicators Used by the EIU and the OECD.) 
Firm Level (Direct Indicators) 
• Intensity and Extent of ICT Usage in 
Business Processes 
(Indicators Used by the NPC and the OECD.)
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1.2.2 ICT-Producing and Using Industries 
 
 The ICT sector has two interrelated components, one of which is the production 
of ICT-related goods and services; the other component is the usage of ICT-related goods 
and services to enhance efficiency and productivity.  ICT production and ICT usage are 
also the principal components of the so-called digital economy.  
 
 The OECD uses the term “ICT-producing industries” to refer to the firms that 
produce ICT-related products and provide ICT-related services.  The OECD adopts a 
standard definition of ICT-producing industries based on the International Standard of 
Industry Classification (ISIC) Revision 3, which covers three main items (manufacturing, 
services-goods related, and services-intangible) and eleven sub-items.4  In this definition, 
ICT-producing industries are not confined to ICT-related manufacturing firms, but also 
cover ICT-related services.  
 
 As for ICT usage, the OECD uses the term “ICT-using industries” to refer to the 
usage of ICT by all types of firms in their business processes. These “industries” are not 
exclusively confined to manufacturing activities, but rather include all types of businesses.  
The OECD considers the service sub-sectors, such as financial services, business services, 
and wholesale and retail trade, to be ICT-using industries.  Thus, conceptually, there is 
some overlap between ICT-producing and ICT-using industries.  ICT-producing 
industries are part of the ICT-using industries, as they are also the main users of ICT in 
facilitating their business processes.  Figure 1.2 illustrates ICT usage in the economy.  
The first inner circle indicates ICT usage in ICT-producing industries.  The second inner 
circle denotes ICT usage in all industries, and the outer circle refers to ICT usage in all 
sectors of the economy, including the government and home sectors. 
 
Figure 1.2: ICT Usage in the Economy 
 
  (SOURCE: Author) 
 
Figure 1.3A shows examples of ICT usage in the manufacturing sector.   
Basically, all ICT-related manufacturing firms (those that produce ICT equipment) are 
users of ICT equipment in facilitating their business processes.  There is perhaps not one 
among them that does not use ICT.  Similarly, non-ICT-related manufacturing firms 
                                                 
4 The details are explained in Appendix 1.1. 
 
Usage of ICT in All Economic Sectors  
(Including the Government and Home Sector)
Usage of ICT in All Industries
(ICT-Using Industries) 
Usage of ICT in 
ICT-Producing Industries
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(firms that produce automobile and industrial machines, for example) are also users of 
ICT.  Figure 1.3A provides examples of non-ICT-users among the non-ICT-producing 
firms (such as firms that produce certain construction materials and household utensils), 
but many of them now use ICT partially in facilitating their business processes, at least 
for accounting, record keeping, and communication. 
 
Figure 1.3A: ICT Usage in the Manufacturing Sector 
 Producing ICT 
Equipment 
Using ICT Equipment Non-ICT-Producing and Non-ICT-Using 
ICT-Related 
Manufacturing 
-Computers 
-Communication 
Equipment 
-Other Electrical Devices
-Other Electronics 
 
-Computers 
-Communication Equipment 
-Other Electrical Devices 
-Other Electronics -Practically Nonexistent- 
Non-ICT-
Related 
Manufacturing -Practically Nonexistent- 
-Automobile 
-Aviation and Ship Building 
-Medical Equipment 
-Industrial Machines 
 
-Some Construction Materials 
-Some Household Utensils 
-Some Small Firms 
Note: There is some overlap between ICT-producing and ICT-using firms.  The dotted arrow indicates an 
increasing trend among small firms to use ICT.  
(SOURCE: Author) 
 
 There is a similar trend in ICT usage in the service sector, of which Figure 1.3B 
gives some examples.  ICT-related services (such as the Internet, telecommunication, and 
broadcasting service providers) and non-ICT-related services (such as financial, 
educational, and tourism services) are the main users of ICT.  Even the non-ICT-users (as 
listed in the last column of Figure 1.3B) are not common examples, because many small 
firms have also started to use ICT, at least for some basic administrative purposes, such 
as accounting, managing client records, and communication.  Perhaps this trend is also 
applicable to other sectors (such as agriculture, construction, and mining), as shown in 
Figure 1.3C, though ICT usage in these sectors may not be increasing as rapidly as in the 
manufacturing and service sectors. 
 
Figure 1.3B: ICT Usage in the Service Sector 
 Producing ICT Services Using ICT Services Non-ICT-Producing and Non-ICT-Using 
ICT-
Related 
Services 
-Internet Service Providers
-Telecommunication 
-Software Development 
-Broadcasting 
-Internet Service Providers 
-Telecommunication 
-Software Development 
-Broadcasting  
-Practically Nonexistent- 
Non-ICT-
Related 
Services  -Practically Nonexistent- 
 
 
-Financial 
-Education 
-Transportation 
-Tourism 
-Medical 
-Other Professional Services 
 
-Laundry Services 
-Some Small Retail Shops 
-Some Other Small Services (Saloons, 
Barbers, Tailor shops, etc.) 
Note: There is some overlap between ICT production and ICT use among the ICT-related services. The 
dotted arrow indicates an increasing trend among small firms to use ICT.  
(SOURCE: Author) 
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Figure 1.3C: ICT Usage in Other Sectors (Agriculture, Construction, and Mining) 
 ICT-Using Non-ICT-Using 
Agriculture -Modern Agriculture -Traditional Agriculture 
Construction -Plan and Design Services -Traditional Construction 
Mining -Tin Mining and Oil Exploration -Old-Fashioned Tin Mining  
  (SOURCE: Author) 
 
1.2.3 ICT Usage in E-commerce, the Digital Economy, and the New Media Triangle 
 
In the literature, “e-commerce” has varying definitions, but those definitions 
basically refer to ICT usage for retail and wholesale transactions.  In a broader sense, e-
commerce activities cover all financial and commercial transactions that take place 
electronically, including Electronic Data Interchange (EDI), Electronic Fund Transfers 
(EFT), Automatic Teller Machines (ATMs), and all credit/debit card activities.  The 
narrowest definition, on the other hand, limits e-commerce to retail sales for which the 
transaction and payment take place on an open network like the Internet.5  
 
The difference in definitions causes problems when one wants to compare the 
level of e-commerce activities among countries.  The OECD took the first step to initiate 
a common definition when the Ministerial Meeting in Ottawa in 1998 created a taskforce 
to standardize the definition and measurement of e-commerce.  Consequently, in April, 
2000, OECD members adopted two definitions based respectively on a narrow and broad 
scope of e-commerce.  The narrow definition is based on transactions conducted over the 
Internet, while the broader one encompasses transactions conducted over computer-
mediated networks and thus includes, for example, EDI.  A fundamental tenet of the 
OECD definition is that it is the method of placing (or receiving) an order that establishes 
whether or not a transaction is e-commerce, whereas payment for an e-commerce 
transaction, or delivery of any goods or services purchased, may be conducted online or 
offline. 
 
ICT usage has also been discussed in the context of the “digital economy.”  The 
term “digital economy,” popularized by Tapscots (1995) in his book The Digital 
Economy: The Promise and Peril, has many facets.  It is not just confined to Internet 
applications, but the Internet is recognized as an important impetus for the growth of ICT 
usage in general and for e-commerce in particular.  Figure 1.4 attempts to conceptualize 
evolutionary elements of ICT usage in the context of the digital economy.  At its core, 
Internet technology, with its churning out of new business activities, represents the 
                                                 
5 If the broad definition is applied, e-commerce (the application of ICT for transactions) has already been 
implemented since the early 1980s.  For example, EDI, EFT and ATMs (the so-called closed network 
technology) were introduced in many countries, including Malaysia, in the early 1980s.  Hence, it is argued 
that it would underestimate the true picture of e-commerce if these applications of information technology 
were excluded from the e-commerce definition.  It should be noted that, though the invention of the Internet 
was much earlier than the 1990s, its usage in e-commerce became popular only in the early 1990s, around 
the time when the Mosaic browser was released to the public in 1993 and Netscape released the Navigator 
browser in 1994.  By 1995, Dell, Cisco, and Amazon began to aggressively use the Internet for commercial 
transactions.  In a very short span of time, Internet usage grew by leaps and bounds, not only in the US, but 
in many other developed and developing countries as well.  
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interconnected characteristics of this economy and helps to amplify the importance of 
electronic commerce.  It also stimulates changes in the service delivery of government 
economic operations (as characterized by e-government initiatives).  
 
The second layer of the digital economy is represented by e-commerce. E-
commerce includes transactions done through both open networks (i.e., the Internet) and 
closed networks such as EDI, intranets6, and ATMs.  The closed and open networks have 
jointly brought about the formation of new business and economic operations, and their 
separation (as IT divisions, for example) is becoming a common feature in organizational 
structures.  This layer of the digital economy covers not only e-commerce, but the usage 
of ICT in all business processes (such as in designing activities, engineering, staffing, 
accounting, marketing, and various administrative activities). With the advancement in 
software technology, the usage of ICT is becoming multipurpose. 
 
Figure 1.4: ICT Usage in the Digital Economy 
 
 
 
 
 
 
 
 
 
 
 
 (SOURCE: Author) 
 
The outermost layer in Figure 1.4 also represents the socio-economic implications 
of ICT usage.  This has both positive externalities (network effects due to increased 
public awareness and accessibility to healthcare and economic information, for example) 
and negative externalities (such as security threats and exposure to demoralizing 
pornographic and market destabilizing activities).  This also includes expanding 
opportunities for new business creation, employment, and productivity improvement.  
 
 
 
 
                                                 
6“Intranet” is usually defined as a private network, which uses software like that used on the Internet, but 
only for use inside an organization.  An intranet is not accessible to the public.  Organizations use intranets 
to manage projects, provide employees with information, distribute data, etc.  
A Broad Usage of ICT (Online or Offline, Open or Closed Networks) for 
Socio-Economic Purposes  
Use of ICT (Online or Offline, Open or Closed Networks) 
for E-Commerce and Other Business Processes 
 
 Internet Applications in Transactions 
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As is shown in Figure 1.5, Tapscott (1995) postulates that, with the invention of 
the Internet, the three different technologies (computing, content, and communications) 
have converged.  This new combination has created not only economical and 
sophisticated ways of computing and communicating, but has also expanded 
opportunities for new businesses (such as content providers, online auction services, and 
cross-border online transactions) and structural changes in existing business entities (as in 
the case of banking businesses with the introduction of Internet banking).7   
 
Figure 1.5:  ICT Usage in the New Media Triangle 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(SOURCE: Tapscott, The Digital Economy, 1995, p. 9 and 329.) 
 
                                                 
7 Tapscott (1995) suggests that ICT usage has increased with the invention of Internet.  For example, 
building on the ubiquity of personal computers, the usage of the Internet has encouraged more content 
providers (such as publications and entertainment businesses) to use ICT in offering their services directly 
to customers.  This increased usage was prompted by the convergence of computing, content, and 
communications technologies into a new interactive multimedia, which provides a new platform for 
conducting business. 
INTERACTIVE 
MULTIMEDIA
   COMMUNICATIONS COMPUTING
   CONTENT 
COMPUTING 
-Computer Equipment 
-Semiconductors and 
Related Devices 
-Electrical Equipment and 
Supplies 
-Search and Navigation 
Equipment  
-Computer and Data 
Processing Services and 
Software   
-Electrical Repair Shops 
CONTENT 
-Newspapers 
-Periodicals 
-Books 
-Greeting Card Publishing
-Advertising 
-Photocopying, 
Commercial Art, and Photo 
Finishing 
-Business Services 
-Motion Pictures 
-Videotape Rental 
-Producers, Orchestras and 
Entertainers 
-Libraries, Vocational and 
Other Schools 
COMMUNICATIONS 
-Communications 
Facilities 
-Household Audio-Visual 
Equipment 
-Telephone and Telegraph 
Equipment 
-Broadcasting and 
Communications 
Equipment 
-Communications, Except 
Broadcasting 
-Radio and TV 
Broadcasting 
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 Both Figure 1.4 and 1.5 show that there are many facets of ICT usage.8  The 
thesis considers ICT usage in this broad context and focuses on the prospect or perception 
that the prevalent usage of ICT will have positive impacts on the productivity of the 
economy and ultimately contribute to economic growth. 
 
1.3. Background Theory 
 
1.3.1  Productivity, Production Function, and Level Effect 
 
The prevalent usage of ICT in firms’ business processes is likely to help improve 
their labor productivity and, theoretically, the aggregate improvement will translate into 
economic growth.  This is basically one of the main perceptions behind many studies on 
the impact of ICT usage on the economy.  
 
Figure 1.6 attempts to illustrate how technological improvement brings about 
economic growth through productivity gains.9  When input is increased from one to two 
units, output is increased from a to b.  With additional input, the output is increased, but 
at a declining rate, from b to c.  This input-driven output growth forms a nonlinear curve 
because it is subject to decreasing returns.  A movement along production function A 
reflects the output growth gained from additional inputs.10   
 
Output growth through improvement in productivity can be derived from the 
application of improved technological innovations (such as improved production means 
through automation and application of ICT).  Better technology application can cause the 
production function to rise upward from A to B, and without any additional input, the 
output will grow from b to d, which comes only from improvements in productivity 
(productivity-driven output growth).11  
 
 
 
 
 
 
 
 
 
 
                                                 
8 ICT usage is also an important component of the so-called knowledge economy and new economy.  A 
brief discussion of these concepts is provided in Appendix 1.2. 
9 According to Charles I. Jones (2002), Introduction to Economic Growth, p.72, “Technology” in the 
economics of growth and development has a very special meaning: it is the way inputs to the production 
process are transformed into output. 
10 The production function is the mathematical relationship between the outputs of an economy and the 
inputs (factors of production) used to produce those outputs.  
11 An upward shift in the production function is a reflection of productivity-driven output growth, which 
indicates that the same amount of inputs can produce more outputs, or that the production of the same 
amount of outputs requires fewer inputs. 
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Figure 1.6: Input-Driven and Productivity-Driven Output Growth 
 
(SOURCE: Author.) 
 
 In the context of growth in output per labor, an economy is considered to achieve 
the level effect when there is acceleration in output growth and the level of output per 
labor is permanently higher than before. 12  The acceleration of growth in output per labor 
is achieved when the economy is using better technology.  To illustrate the level effect, 
Figure 1.7 shows that prior to technological improvement, output per labor grows at a 
constant rate.  When the usage of new technology increases, output per labor begins to 
grow more rapidly.  This more rapid growth continues temporarily until it reaches a new 
steady state and returns to its long-run level.  Thus, for an economy to reach a higher 
level effect, it needs to have a dynamic improvement in labor productivity through 
technological progress and better usage.  Without continued improvement in labor 
productivity, the output growth will be back to its lower growth path, as shown by the 
slope of the new curve parallel to the dotted line.   
 
Figure 1.7: Level Effect 
 
 
 
 
 
 
 
 
(SOURCE: Adapted from Charles I. Jones, Introduction to Economic Growth, 2002, p. 39.) 
 
By applying the concept of production function and the level effect, this study 
will examine the changes in the labor productivity of the Malaysian economy in the last 
two decades. Considering that ICT usage was markedly increased in the 1990s, it could 
have helped improve labor productivity and, accordingly, economic growth, represented 
by a higher production function than in the earlier decade.   
                                                 
12 Charles I Jones (2002), Introduction to Economic Growth, (pp 38-39), provides a simple illustration of 
the level effect.   
INPUT
OUTPUT
   1                  2                  3
c
b
a
B
A
d
Level Effect 
Time 
Output  
per Labor (log) 
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This thesis examines the labor productivity of the Malaysian economy for the last 
two decades by using the following production function: 
 
Y/L   =   α +  θ   K/L         (1) 
  
Equation 1 considers both labor and capital inputs, and it suggests that the output 
or GDP per labor (Y/L) is determined by a constant (α), or the intercept value of the Y-
axis plus the amount of capital per labor (K/L) times the coefficient of capital per labor 
(θ). In this way the GDP per labor can be shown on the Y-axis, and capital per unit of 
labor on the X-axis.  A higher θ value indicates higher productivity. Chapter 4 provides 
further elaborations on the application of this analysis and its results. 
 
1.3.2. The Solow Model and Total Factor Productivity (TFP) 
 
 The relationship between technological improvement and economic growth has 
long been recognized by literature on economic growth theory.  The most notable piece 
of literature that explicitly considers the technological element of the growth theory is the 
neo-classical model of economic growth developed by Solow and Swan (1956).13  In this 
model, the economy is divided into two sides: supply and demand.14  The model further 
develops the supply side of the equation into a growth accounting framework by 
manipulating the Cobb-Douglas production function.15  Paul Douglas observed that the 
production function of the U.S economy tended towards constant returns to scale because 
the labor and capital share of the total output remained constant over time.  Capitalizing 
                                                 
13 It so happened that Solow and Swan published their works in the same year, but independently and in 
different journals, Solow in America and Swan in Australia.  Some early literature referred to the theory as 
the “Solow model.”  Lately however, in order to reflect the true history, economists have referred to it as 
the “Solow-Swan model” or “SS model,” for short.  The model identifies technological progress with 
“anything that raises labor productivity.” 
14 On the supply side, the economy in a particular year t, will produce an amount of output Yt, or real GNP, 
by using three factors of production: the existing stock of physical capital Kt, the existing labor force Lt, 
and the available technology Tt.  This output is then sold to the demand side of the economy for household 
use (Consumption Ct), enterprise use (Investment It), and governmental use(public sector purchases Gt).  In 
the open economy, part of the production is exported (exports Xt) and sourced from outside the economy 
(imports Mt).  The equations of the supply side and the demand side of the economy are shown as follows:  
Supply of output  =       YSt  = F(Kt, Lt, Tt) 
Demand for output  =       YDt = Ct + It + Gt + Xt - Mt  
15 A brief description of the Cobb-Douglas production function is provided in Appendix 1.1.  The strength  
of the Cobb-Douglass production function is that its assumption is based on stylized facts.  Valdes (1999) 
gives an elaborative explanation of the need for any growth theory to satisfy these facts; otherwise, the 
theory should be rejected.  Kaldor (1961), despite the lack of data at that time, was able to identify four 
empirical regularities of economic growth, which economists regarded as the benchmark or the minimum 
requirements that a model of economic growth is supposed to explain, namely: 
• In the long run, per capita output grows at a positive rate. 
• The long-term trend of a capital-output ratio is constant. 
• The return to physical capital is also constant. 
• The rate of growth of per capita output differs substantially across countries. 
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on this observation, Solow then developed a growth accounting framework for assessing 
the contribution of technological progress to economic growth and productivity.16  
 
 The measurement of productivity as prescribed by the growth accounting 
framework is the measurement of the so-called Solow residual, which has attracted so 
much attention from many economists for the last two decades.  Solow developed the 
growth accounting framework which simplifies the supply side of the economy, wherein 
in a particular year t, the economy produces an amount of output Yt, or real GDP, by 
using three factors of production: the existing stock of physical capital, Kt; the existing 
labor force, Lt; and the available technology, Tt.  The supply side equation of the 
economy is shown as follows: 
 
Supply of output =       YSt = f(Kt, Lt, Tt)    (2) 
  
 There are three ways of arranging this equation: 17 
1. f(TK, L), which is known as “capital-augmenting” or “Solow-neutral” technology 
2. f(K, TL), which is known as “labor-augmenting” or “Harrod-neutral” technology 
3. fT(K, L), which is known as  “inputs-augmenting” or “Hicks-neutral”technology 
 
 This thesis uses the growth accounting framework with the assumption of Hicks-
neutral technology.  Under this assumption, the growth in output Y could be apportioned 
among the underlying factors, that is, in K, in L, and in T.  To make this apportionment, it 
is assumed that a particular form of technological change, in which changes in T cause an 
equal increase in the marginal products of K and L (based on the Cobb-Douglas 
production function of constant returns to scale).  In essence, the model assumes that the 
rate of growth in output (UY/Y) is equal to the sum of three terms: the rate of technical 
progress (UT/T), the rate of increase in labor input (UL/L) weighted by the share of 
labor output (θL), and the rate of growth of capital (UK/K) weighted by the share of 
capital output (θK).  The share of labor and capital equals one, that is, θL + θK  = 1.  This 
statement is expressed in the form of the following growth equation: 
 
UY   =    θK  UK   +   θL  UL   +    UT      (3) 
  Y           K        L     T 
 
Thus, the contribution to output growth from improvements in productivity or the rate of 
technical progress is mathematically shown by rearranging the above equation as follows:  
 
UT  =  UY  -  θK  UK  -   θL  UL       (4) 
  T          Y                K                L 
 
In brief, the model can be summarized as: 
                                                 
16 Valdes (1999) suggests that the growth accounting framework is not only a good reflection of the neo-
classical growth theory, but also a strong basic economic growth model. In fact, it stretches further to 
measure output that is not attributable to labor and capital input alone, and to detect the contributions of 
technology and technical progress.  
17 With the Cobb-Douglas production function, this distinction is less important.  
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Output Growth = TFP Growth + Weighted Growth in Factor Inputs  
 
TFP Growth  = Output Growth – ([Share of Capital Input]   x    [Growth  
    in Capital Input]) –  ([Share of Labor Input]  x  
    [Growth in Labor Input])18 
 
Another way of showing how the Solow residual can be calculated is illustrated in the 
following equation, where,  
 
 UT  =  U(Y/L)   _   θK    UK  _  UL        (5) 
   T          (Y/L)                     K           L 
 
That is, the rate of technical progress, UT/T, is the difference between the observed 
growth rate in output per worker, [U(Y/L)]/(Y/L), minus the change in capital per worker, 
(UK/K)-(UL/L), multiplied by the share of capital in output θK .   
 
 The growth accounting framework is widely used by economists in assessing the 
productivity of an economy.  In this framework, the impact of the application of 
technology is captured in the computation of the residual value.  The residual value is 
then generally known as a measure of the total factor productivity (TFP) or multi factor 
productivity (MFP)19.  The residual or the TFP growth is basically the difference between 
the real GDP growth and the weighted average growth rate of two factor inputs: capital 
and labor.  
 
                                                 
18 For output growth, this study uses the real GDP.  For the capital and labor share in factor payments, the 
paper is guided by the National Productivity Corporation (NPC) estimates and the annual survey by the 
Department of Statistics of Malaysia.  The labor share in factor payment is estimated as follows: 
Labor Share of Income = Compensation for Labor = Wage Bill        
     Real GDP  Real GDP 
   = Wage Rate x No. of Workers 
     Real GDP 
Also: Capital Share of Income  = 1- Labor Share of Income. 
For computing the capital stocks, the “Perceptual Inventory Method” is used by adjusting the gross fixed 
capital formation with the annual investment flow and the average depreciation rate of 3 percent.  The 
equation is: 
 Kt = (1-d)Kt-1 + It 
Where Kt = Capital stock at the beginning of time t   
 It = Investment in period t 
 d = Depreciation rate 
A sum of investment over a certain number of years is used as an approximation of the benchmark year’s 
capital stock. 
19 The US Bureau of Labor Statistics prefers the term MFP rather than TFP because it is argued that the 
latter not only suggests that all factor inputs are completely taken into account in measuring economic 
efficiency, but it implies a certain uniqueness and completeness.  In reality, its measurements are 
computed on the basis of a limited number of factor inputs, usually capital and labor. In this thesis, 
however, the term TFP is maintained since it is still widely used in many countries, including by the 
Department of Statistics in Malaysia and the Tokyo-based Asian Productivity Organization. 
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A simple illustration of the concept of TFP is shown in Figure 1.8.  Imagine that a 
typical firm in a hypothetical economy with production function, PFA, is presently at 
point P and produces YA amount of output with XA amount of inputs.  At this point, factor 
inputs are used most efficiently with the best practices for the given technology.  By 
using a new technology, such as ICT, productivity could be enhanced with the same 
inputs; x marks in between PFA and PFB show a newly created production possibility area.  
If the firm can capitalize fully on the new technology, it will operate on the highest 
possible production function, PFB, with the same inputs, XA, and the new possible output 
could be enhanced to YB.  
 
The concavity of the production function illustrates another important point:  in 
the absence of technological innovation, output can be increased at a diminishing rate 
only through the increase of input.  Thus, given the limits on growth in labor and capital, 
the key to economic growth is through improving the level of TFP. 
 
 
Figure 1.8: Concept of TFP 
 
 
  (SOURCE: Author) 
 
This model, however, is not without its weaknesses.  It assumes that technological 
progress is not a controllable factor within the production function and therefore is 
exogenously given.  This is only plausible when we consider some “basic research” done 
by public agencies or without any intentional business purposes.20  However, it is not 
realistic to assume all technical progress comes from outside of the business sector.  
Romer (1986, 1987) therefore adds some reality to this assumption by developing the so-
called  endogenous growth theory.21   
                                                 
20  For example, Internet technology was initiated by a US public agency with the cooperation of 
universities as part of a defense project initiative.  
21 Romer (1986) identifies technological progress as an increase in the stock of knowledge, that is, new 
knowledge about how to produce more efficiently.  This includes scientific discoveries, whether major 
breakthroughs or small advances, and the know-how to use them in production.  He suggests that technical 
progress does not come only from outside firms, but is developed within firms themselves a great deal.  He 
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But it is not the subject of this thesis to dwell further on the strengths and 
weaknesses of those models.  The point to stress here is the availability of a theoretical 
framework for assessing the contributions of technological progress to improvement in 
productivity and economic growth.  What is common in both theories (exogenous and 
endogenous) is that they recognize technological progress as an important element in 
enhancing productivity, that is, the new theory of economic growth stresses the role of 
technology in promoting economic growth. 
 
1.3.3 Conceptual Impact of ICT Usage on Productivity and Economic Growth 
 
 Figure 1.9 is a conceptual illustration of the impacts of ICT usage on productivity 
and economic growth.  Output growth can be derived through an accumulation of factor 
inputs (capital and labor) in various sectors of the economy.  When output grows beyond 
what is attributable to growth in capital and labor inputs, it is considered an improvement 
in the total factor productivity (TFP).  TFP is a reflection of such other factors as level of 
education among the workforce, social stability, deregulation, competition, or ICT usage.  
However, there is no standard direct method to measure the contribution from those other 
factors to the TFP.  Here in the illustration, the factor of ICT usage is singled out for 
analytical purposes. 
 
 While acknowledging the presence of those factors in TFP, the usage of improved 
technology, ICT in particular, is considered the main contributing factor during the 1990s.  
To explain this proposition, this study uses the growth accounting framework in detecting 
the impact of ICT usage on the Malaysian economy.  How this growth accounting 
framework is used in assessing the contributions of ICT usage to the productivity 
improvement and economic growth of the OECD countries will be reviewed and further 
discussed in the following section and Chapter 2. 
 
 
         
 
                                                                                                                                                 
also argues that replacing an old machine with a new one does not constitute technical progress until the 
firm’s labor force has learned how to operate it.  Technical progress is a combination of new discoveries 
plus the know-how to use them in production.  Romer’s argument is based on the earlier work of Arrow 
(1962), who was the first to propose an indigenous model of knowledge generation by job practice.  
Romer’s endogenous growth theory is also called the hypothesis of “learning-by-doing and knowledge 
spill-over.”  In 1990, he made further improvements to the model by accommodating Schumpeter’s 
creative innovation (1942).  The model was then called “Romer’s Schumpeter model.”  The implication of 
the endogenous growth theory is that the production function is no longer a constant returns to scale, but 
increasing.  Thus, it does not confirm the historical indications that the returns to a physical capital 
investment are constant over time, as is stipulated in ”Kaldor’s stylized facts.”  For this reason, Valdes 
(1999) argues that, though the endogenous growth theory sounds real, it is not supported by historical data.  
Hence, by comparing these two economic growth theories, Valdes concludes that: 
 The endogenous theory (the new theory) is not necessarily better that the exogenous theory (the old 
theory). 
 Future growth theory should combine both the exogenous and endogenous roles of technical progress, 
and should always confirm Kaldor’s stylized facts of economic growth. 
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Figure 1.9: Conceptual Model of the Impact of ICT Usage on Productivity and 
Economic Growth 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(SOURCE: Author) 
Note: The Figure could also include the feedback loop  
from ‘Total Factor Productivity’ to ‘Factor Inputs’ or ‘Technology-ICT’.  
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1.4. Purpose and Structure of the Thesis 
 
1.4.1. Purpose 
 
There have been many attempts to study the factors that contribute to Malaysia’s 
economic growth.  However, past studies are centered on the role of accumulation of 
capital inputs.  The World Bank and the Asian Development Bank, for example, point to 
the high rate of domestic savings and the steady inflow of foreign capital as the main 
sources of Malaysia’s economic growth. 22   ICT usage as a source of productivity 
improvements and economic growth is not covered in those studies.  Those traditional 
ways of making economic assessments may not be sufficient to explain the recent 
development of the Malaysian economy, in particular during the 1990s.  
 
In contrast, in line with the tremendous progress in ICT usage in the OECD 
countries, there are increasing efforts to evaluate the role of ICT usage in the economies 
of those countries.  Hence, to consider the recent development in the Malaysian economy, 
this thesis tries to assess whether ICT usage has improved the productivity of the 
Malaysian economy and whether it has ultimately contributed to economic growth, since 
businesses in Malaysia have been putting more effort and investment into ICT usage, 
particularly during the 1990s. 23   This thesis intends to offer a new perspective in 
understanding how ICT usage has also contributed to the improvement in productivity 
and economic growth in the context of the Malaysian economy. 
 
 In general, it is relatively easy to comprehend specific impacts arising from ICT-
producing industries on the economy.  For example, one can look at contributions to 
employment, manufacturing output, exports, or to the government’s revenue through 
corporate tax payments.  It is not easy, however, when it comes to measuring the general 
economic impact from ICT usage.  We tend to think that ICT usage can help improve 
firms’ productivity, therefore, ultimately the overall productivity should also improve.  
However, despite the prevalent usage of computers in the 1980s, in reality, the 
productivity growth in developed countries decreased as compared with earlier decades.  
This phenomenon is dubbed the “productivity paradox” by Solow.  Some economists 
have tried to rationalize this paradox, but by and large, it still remains unresolved.  As for 
the 1990s, by applying the same methodology (growth accounting framework), 
economists have observed more evidence that ICT usage is linked with the improvement 
in productivity of some developed countries.  
  
As for Malaysia, there was an enormous increase in investment in ICT by 
businesses during the 1990s, which was intended to enhance their competitiveness and 
productivity.  ICT investment increased more than fourfold between 1990 and 2003, with 
the service (financial services in particular) and manufacturing sectors playing a major 
                                                 
22  Some related factors such as industrial policies, policies towards foreign direct investment, tax 
exemptions, relatively well developed infrastructure, and political stability are among the well-quoted 
examples of “pull factors” that have attracted those inflows. 
23 Examples of the progress of ICT usage in the Malaysian economy are elaborated on in the next chapter. 
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role in investing in ICT during those years.  High levels of investments by financial 
services during the 1990s were due to the continuous effort to upgrade ICT based 
networking, as well as to prepare for launching Internet banking services.  Other 
segments of the service sector were also increasingly investing in ICT for facilitating 
business processes.  For the manufacturing sector (the second largest economic sector 
after the service sector since the mid-1980s), investment in ICT was driven by the need to 
increase efficiency in their business processes.  This sector constituted one-third of the 
GDP and more than 80% of exports during the 1990s.  Therefore, efforts to improve 
productivity in this sector were essential not only for the sector, but also for the overall 
Malaysian economy.24  
 
All these efforts by the manufacturing and service sectors have helped Malaysia 
achieve a relatively high level of ICT usage compared to many other developing 
countries.  This is indicated by the e-readiness index developed by the Economist 
Intelligence Unit and the digital access index developed by the International 
Telecommunication Union.25  
 
1.4.2. Hypothesis and Analytical Approach 
 
The increasing trend in ICT usage in Malaysia’s major economic sectors is 
considered to have resulted in general productivity improvement.  This is the main 
hypothesis of this thesis, which is divided into four research sub-hypotheses as follows: 
 
1. Increased ICT usage has contributed to productivity improvement in the 
manufacturing and service sectors. 
2. In particular, higher ICT usage in the ICT-related manufacturing sub-sector 
has brought about a larger productivity improvement than in the rest of the 
manufacturing sector. 
3. Similarly, higher ICT usage in the financial services has also brought about a 
larger productivity improvement than in the rest of the service sector. 
4. Higher ICT usage in the whole economy during the 1990s has brought about a 
greater productivity improvement than in the previous decade. 
 
In assessing the impact of ICT usage, this thesis will use a combination of sector-
specific approaches, macroeconomic approaches, and a survey.  None of these 
approaches are a new ways of assessing the impact of ICT usage, but using them in this 
combination is new.  For sector-specific approaches, firms and economic sectors are 
hypothetically divided into two sections (intensive ICT users and less intensive ICT 
users), and their relative productivity is compared.  If the intensive ICT users show higher 
productivity improvement, it is most likely due to higher ICT usage.  For macroeconomic 
                                                 
24 The Malaysian economy has experienced a rapid transformation.  The share of the manufacturing sector 
in the economy has markedly increased from 8.6% in 1960 to 32.6% of the GDP in 2000.  Conversely, the 
agriculture sector decreased from 40.5% in 1960 to 8.8% in 2000.  An important contributing factor to this 
development is the growth of ICT-related manufacturing activities.  ICT-related manufactured products 
contribute 53.5% of the total manufacturing output in 2000, whereas there was a negligible share of ICT 
manufacturing in the 1970s.  
25 Examples are provided in Chapter 2. 
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approaches, the study compares the productivity of the total economy in two different 
time frames; the 1990s is a period that represents a relatively higher ICT usage than the 
1980s.  If the improvement in productivity is higher in the 1990s, then better ICT usage is 
likely the main reason behind that improvement.  The sector-specific and macroeconomic 
approaches are also supported by a survey to gauge the hypothetical impacts of ICT 
usage among firms. 
 
1.4.3. Methodological Structure 
 
 The above-mentioned hypotheses are based on the premise that there has been a 
general increase in ICT usage in the economy, in particular during the 1990s, led by the 
manufacturing and service sectors.  Within the manufacturing sector, the ICT 
manufacturing sub-sectors are the most intensive users of ICT.  As for the service sector, 
financial services are the most intensive users of ICT in enhancing the efficiency of 
business processes.  While it is assumed that there should be a general improvement in 
productivity in the manufacturing and service sectors during the 1990s, it is also assumed 
that the improvement should be more observable in the ICT intensive using industries, 
such as ICT-related manufacturing sub-sectors and financial services.  These assumptions 
are the basis for the above-mentioned hypotheses.  
 
 To verify those research hypotheses, a combination of six main approaches will 
be used.  The first four are sector-specific approaches that try to assess the improvement 
in productivity in the main sectors of the Malaysian economy.  The last two are 
macroeconomic approaches that will assess the impact of ICT usage in the total economy.  
This combination of approaches is applied in this thesis in order to provide both the 
micro, or sector specific, perspective of analysis, as well as the macroeconomic 
dimension.  Focusing on sector-specific approaches would provide the necessary details 
for the analysis, but they are not sufficient to reflect the whole economy.  On the other 
hand, concentrating on macroeconomic analysis would naturally tend to oversimplify 
those important details.  Considering the peculiarities of the nature of ICT usage in 
Malaysia, it is crucial for this study to use this combination of approaches for better 
comprehension of the subject.   
 
 The six approaches are as follows: 
(1) Comparing the productivity of the manufacturing sector in two different periods: 
the 1980s and 1990s 
(2) Comparing the productivity of ICT-related manufacturing sub-sectors (intensive 
users of ICT) with the rest of the manufacturing sector (less intensive users) for 
the period between 1980 and 2000 
(3) Comparing the productivity of the service sector in two different periods: from 
1993 to 2000, and from 2000 to 200326 
                                                 
26 Two reasons for selecting 2000 as a demarcation year for comparison; first, it represents the recovery 
year for the Malaysian economy after the “Asian currency crisis” in 1997 and 1998; and second, it 
represents a transitional year, from the completion the Seventh Malaysia Plan to the commencement of the 
Eight Malaysia Plan, where the fiscal and monetary policies were reviewed.  
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(4) Comparing the productivity of the financial services (intensive users of ICT) with 
the rest of the service sector (less intensive users) for the period between 1993 and 
2003 
(5) Comparing the total factor productivity of the total economy in two different 
periods: the 1980s and 1990s 
(6) Comparing the productivity (the slope of the production functions or the marginal 
output of labor and capital inputs) of the total economy in two different periods: 
the 1980s and 1990s 
 
 The results from the first four sector-specific approaches will be elaborated on in 
the third chapter, while the results from the macroeconomic approaches will be discussed 
in the fourth chapter.  Figure 1.10 shows how each of the approaches is mixed, and where 
each of them forms an important part in understanding the impact of ICT usage in the 
context of the Malaysian economy.  The six approaches together will consolidate the 
basis for the verification of the four hypotheses referred to in the previous sub-section, 
1.4.2.  
  
Figure 1.10: Approaches for Measuring the Economic Impact of ICT Usage 
 
 
(SOURCE: Author) 
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manufacturing and service sectors, the improvement in the productivity of these sectors 
will be reflected in the productivity of the total economy. 
 
The study is also supported by a survey on the trend of ICT usage for e-commerce 
among small and medium enterprises (SMEs), and a study on the latent factors that 
correlate with the level of ICT usage in Malaysia.  These supplementary analyses are 
conducted to assess the prospects for future ICT usage in Malaysia, which will be 
discussed in the fourth chapter.27  
 
1.5. Brief Results 
 
 In this section, the results from the main approaches are briefly summarized as 
follows:  
 
 1. Comparing the Productivity of the Manufacturing Sector in Two Different 
Periods 
  
 It is observed that the level of output per labor in the manufacturing sector in 
2000 is more than 4 times the level of output for each labor in 1981, suggesting that the 
labor productivity in the manufacturing sector rose by more than 300% during the 
twenty-year period.  Based on a regression analysis, the marginal output of labor in the 
1990s is 2.8 times higher as compared with the 1980s.   
 
 2. Comparing Labor Productivity Between ICT-Manufacturing and Non-ICT-
Manufacturing Sectors 
 
It is observed that ICT manufacturing has the highest labor productivity, which in 
2000 was 6.3 times more output per labor than the 1981 level.  While other 
manufacturing sub-sectors recorded labor productivity improvement between the range of 
2.4 to 5.2 times compared with their level of labor productivity in 1981.  
 
 3. Comparing Labor Productivity of the Service Sector in Two Different Periods 
 
 It is observed that labor productivity increased by 1.48 times during that ten-year 
period.  Breaking this period into two different timeframes (1993-2000 and 2000-2003), 
the average growth of labor productivity during the period between 1993 and 2000 was 
3.4%, and it rose to 5.5% in the 2000-2003 period.  
 
 
                                                 
27 The economic impacts of ICT investment can also be measured by using input-output analysis.  This 
involves the computation of historical data to derive a conceptual production function for the ICT sector, 
and then using this production function equation to simulate the possible future output level for a given 
input.  However, this analysis is only possible when there is a regular input-output table issued by the 
authorities.  In Malaysia, the last input-output table was for 1991.  Hence, the impact of ICT investment on 
output growth is analyzed by using alternative data as presented in Chapter 3. 
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 4. Comparing Labor Productivity Between Intensive ICT Users and Less Intensive 
ICT Users in the Service Sector 
 
 It is observed that the labor productivity for the financial services sub-sector was 
at least twice the labor productivity of the rest of the service sector during the period 
between 1993 and 2003.  Regression analysis of the marginal output of labor indicates 
that each labor in the financial service sub-sector produced 1.8 times more marginal 
output of labor than the rest of the service sector.   
 
 5. Comparing Productivity of the Whole Economy in Two Different Periods by 
using the Solow Growth Accounting Framework  
 
 Based on data for the twenty-six-year period from 1977 to 2003, it is observed 
that there are indications of acceleration in TFP growth.  According to Solow’s definition, 
this positive TFP indicates that the output growth was attributable to better technology 
usage.  TFP contributed one-third of the GDP growth in the recent years. 
 
 6. Comparing the Production Functions for the Whole Economy in Two Different 
Periods 
 
 In comparing the production functions in two periods, 1990-2003 and 1980-1989, 
it is observed that there was an upward movement in the production function.  The 
upward movement in the production function usually implies an improvement in the 
utilization of technology in the economy.  This study considers that the advances in ICT 
and the prevalence of its usage in the 1990s are among the main contributing factors that 
brought about the change. 
 
1.6. Rationale and Organization of the Thesis 
 
1.6.1. Rationale 
 
 Recent studies by the OECD indicate that ICT usage has contributed positively to 
productivity improvement and economic growth in some OECD countries.28  Since there 
has been no attempt made to study the impact of ICT usage in the Malaysian economy, 
this thesis tries to verify whether the experience of OECD countries can be simulated in 
Malaysia.  This verification could also suggest that some other developing countries 
could benefit from better ICT usage.  
 
 Given this verification, Malaysia could also expect more positive benefits in the 
future from increased and more sophisticated usage of ICT in the economy.  
Accumulation of capital input is constrained by the size of domestic savings and the 
availability of foreign capital.  The supply of labor is restricted by the population, the 
growth rate of which is now declining in Malaysia.  Thus, it is important for an economy 
                                                 
28 The findings from the OECD studies are reviewed in the next chapter. 
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like Malaysia’s to keep improving productivity to achieve more sustainable economic 
growth.  In this context, achieving continuous economic growth has been a crucial 
element in Malaysia’s “Vision 2020,” which aims to raise the standard of living to a level 
comparable to developed countries by the year 2020.29   
 
To achieve that comparable level, the Malaysian economy must reach the level of 
half of the United States’ income per capita by 2020.30  Currently, the real income per 
capita in Malaysia is about a third of the United States’ level.  Assuming that the nominal 
income per capita in the United States will grow at 4% per annum31, by 2020 it will reach 
US $56,000 from the present level of US $30,000.  In order to reach the level of half of 
the United States’ per capita income, the Malaysian per capita income will have to grow 
by 8% on average for the next 16 years, assuming the same rate of inflation and the 
current population growth rate.  
 
 During 1991-1997, the income per capita grew at 8.5%32, but it fell in 1998 due to 
the “Asian currency crisis” in mid-1997.  Although the income per capita regained a 
positive growth in the subsequent years, it has remained rather low (less than 5%).  Under 
these circumstances, it is not easy for Malaysia to regain the past high growth trends, 
unless it can further improve its overall productivity.  One of the ways to improve 
productivity is effective ICT usage in the economy to enhance the ability of the 
workforce.  In addition, Malaysia has been relying increasingly on the service sector, like 
many developed countries.  If the service sector in Malaysia successfully capitalizes on 
increased benefits from ICT usage, there will be a greater possibility for this sector to 
contribute more to the whole economy through improvements in productivity. 
 
 
 
 
 
 
 
 
 
 
                                                 
29  In 1991, the Malaysian government launched what is called the Vision 2020 as its long-term 
development objective to raise Malaysia to developed country status by the year 2020.  A description of 
Vision 2020 is provided in Appendix 1.3.  
30 If we consider that the least developed country in Western Europe, Portugal, is a developed country by 
the present world classifications, then the income per capita in Malaysia by the year 2020 will have to reach 
at least the same level as Portugal’s, which is currently about half of the United States level, whereas 
Malaysia now is at the level of about one-third.  Currently (2004), the Malaysian income per capita is US 
$3,800 but in terms of the purchasing power parity (PPP), it is approximately equivalent to US $10,000.   
31 Based on PENN World Statistics, the United States GDP per capita at current prices grew by 4% per 
annum during 1990-1997. 
32 This is based on the GDP per capita at current prices, calculated based on PENN World Statistics.  
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1.6.2. Organization of the Thesis 
 
 The thesis contains five chapters and is supported by eight appendixes as shown 
in Figure 1.11.  The first chapter sets off with an elaboration on the concept of ICT usage, 
followed by a review of the theoretical background underpinning the theme of the thesis.  
It explains the relationship between technology advancement and productivity-driven 
economic growth.  These theoretical understandings will act as a necessary launching pad 
for going deeper into assessing the role of ICT in the economy.  The hypotheses are 
developed based on the background theory, and the research methodology is identified.  
The first chapter also includes the purpose, rationale and framework for the study.   
 
 The second chapter explores the literature on the application of the theoretical 
models to gauge the contribution of ICT usage to the economy.  The chapter reviews the 
economic contribution of ICT usage in some OECD economies.  This analysis is 
necessary for providing a global picture of ICT usage.  The chapter also analyzes the 
trends and peculiarities of ICT usage in Malaysia, covering the period of the 1990s and 
post 2000, and compares Malaysia’s position in terms of ICT usage to the positions of its 
neighboring countries. 
 
 The third chapter analyzes the data on the impact of ICT usage in the main sectors 
of the economy.  The fourth chapter analyzes the data on the impact of ICT usage at the 
macroeconomic level.  In the fifth chapter, implications and discussions on the future 
prospects for better ICT usage and impact are provided to conclude the thesis.   
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Figure 1.11: Study Framework and Overview of the Thesis 
(SOURCE: Author) 
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1.7. Summary 
 
 The chapter explains the main concepts, background theory, rationale, purpose, 
and hypotheses for this study.  Background theories stress the role of technology 
application as a source for economic growth, which is reflected in an upward shift in the 
production function of the economy and improved total factor productivity.  
 
 The consideration of the present economic scenarios in Malaysia, its past 
development, and its future vision explains the rationale for this study.  As Malaysia aims 
to follow the path of developed countries in terms of economic achievements, the study 
tries to examine whether or not the recent experience of the developed OECD countries 
in benefiting from increased usage of ICT is also applicable to Malaysia.  
 
 In the study, the term “ICT usage” is a concept that covers both the normal usage 
of computers in all business processes and the usage of computer-mediated networks by 
businesses either online or offline.  Four research hypotheses on the impact of ICT usage 
on the productivity of the economy are developed.  A combination of six main 
approaches is used to verify the hypotheses; four of the approaches are sector-specific 
approaches that try to assess the improvement in productivity in the main sectors of the 
Malaysian economy, while two of the approaches are macroeconomic assessments of the 
impact of ICT usage on the whole economy.  
 
 The study is also supported by a survey on the nature of ICT usage for e-
commerce among SMEs, as well as a study on the latent factors that correlate with the 
level of ICT usage in Malaysia.  These supplementary research approaches are conducted 
to provide a complete picture of the impact of ICT usage on the Malaysian economy. 
 
 Results from applying these approaches indicated that there was much higher 
productivity in the major economic sectors and in the whole Malaysian economy during 
the 1990s compared with the 1980s.  Considering the economic scenario in Malaysia in 
the 1990s, better ICT usage is regarded as an important factor that helped contribute to 
productivity improvements during the decade. 
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ICT USAGE IN MALAYSIA: 
A STUDY ON ITS ECONOMIC IMPACT 
 
CHAPTER 2 
 REVIEW OF LITERATURE 
 
2.1. Introduction 
 
 This chapter has two major parts, the first of which reviews past studies (mainly 
OECD papers) on the impact of ICT usage in OECD countries.  These mainly focus on 
the relation of ICT investment to ICT usage, and on the intensity of ICT usage at the firm 
level.  The second part elaborates on the extent of ICT usage in Malaysia.  This chapter 
intends to provide an internationally comparative global perspective on these subjects, 
and to provide some bases for a deeper assessment of the impact of ICT usage in the 
context of the Malaysian economy. 
  
2.2. ICT Usage in OECD Countries 
 
 This section contains two sub-sections; first, it reviews literature on the impact of 
ICT usage in the 1980s, and second, on the impact of ICT usage in the 1990s and beyond.  
This part of the chapter reviews the experience of developed OECD countries, looking at 
both the common trends and the unique cases.  
 
2.2.1 ICT Usage and Productivity in the 1980s 
 
There is no direct indicator to suggest that ICT usage in the 1980s was higher than 
in the 1970s.  However, there were indications of higher production and sales of ICT 
equipment in the 1980s as compared with the 1970s.  Thus, indirectly, ICT usage has 
been considered more widespread in the 1980s than in the preceding decades.  It was 
reported that ICT production in the United States increased by 300% during 1970-1980, 
and world-wide shipment of ICT equipment by United States manufacturers increased by 
400% from US $12.83 billion in 1975 to US $63.31 billion in 1985.1  In 1975, this export 
was dominated by mainframe computers (83%).  By 1985, however, its share decreased 
to 36% due to rapid growth in the number of “mini and micro-computers.”  The share of 
mini and micro-computers increased to 64% in 1985 from 17% in 1975.  Mainly due to 
their much cheaper prices, cheaper maintenance, and being easier to use than mainframes, 
more firms and organizations found them practical to own and use.  
 
Data on ICT investment are not available for the 1970s, but the data for the 1980s 
and 1990s show a steady increase in ICT investment.  For example, in 1980 the share of 
ICT investment in the total investment of the business sector in nine OECD countries 
(Australia, Canada, Finland, France, Germany, Italy, Japan, the United Kingdom, and the 
                                                 
1 Paul Jowett and Margaret Rothwell (1986) quoted ICT production figures based upon the pound sterling; 
ICT production in the United States increased from £0.4 billion in 1970 to £1.8 billion in 1980. For Japan it 
increased from £0.2 billion in 1970 to £0.5 billion in 1980.   
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United States) ranged between 4.8% in Japan and 15.2% in the United States.  The share 
of ICT investment then increased to a higher range, 9.5% in France and 22.5% in the 
United States in 1990, while the share for ICT investment in Japan increased to 10.9%.  
Since ICT investment was experiencing an ascending trend, it could be assumed that ICT 
investment in the 1980s was higher than in earlier decades.  Therefore, though there is no 
specific data for this study to compare the level of ICT usage in the OECD countries 
between the 1970s and the 1980s, the increased production and sales of ICT equipment in 
the 1980s and the increased trend in ICT investment during the last two decades seems to 
suggest that the level of ICT usage in the 1980s was higher than in earlier decades. 
 
Furthermore, the assumption that there was higher ICT usage in the 1980s than in 
the previous decades is explicitly expressed by Solow, who notes that an increased usage 
of ICT during the 1980s should have resulted in better productivity improvement in the 
United States’ economy.  But we know from his well-quoted study that the productivity 
improvement in the United States during the 1980s was less than the improvement 
recorded in the previous decades.  This finding led him to state in 1987 that computers 
were everywhere except in the productivity statistics.  He has applied the growth 
accounting framework to the United States’ production data for the 1970s and 1980s and 
found that productivity growth was decreasing despite what he observed as the ubiquity 
of ICT usage during those periods.  This phenomenon is popularly known as the 
“productivity paradox” or “Solow paradox.” 
 
The productivity paradox was not unique to the United States; other developed 
economies also experienced the same phenomenon.  The studies by Mankiw (1992) and 
Valdes (1999), by applying the growth accounting frameworks to G7 countries, indicated 
that productivity growth in those countries was almost halved in 1972-1988 as compared 
with 1948-1972 (Table 2.1).  Hence, despite the tremendous progress in ICT and other 
technological development and usage (such as the usage of ICT in the automation of the 
production of automobiles, machinery, electrical and ICT-related equipment) during the 
1980s, that progress did not result in better growth of TFP in the developed countries 
during that decade.  
 
There were two popular explanations for the paradox.  First, the productivity 
paradox was linked to the two major oil crises during that period2.  Second, it was 
attributed to increases in government regulation (environmental law, labor safety 
standards, etc.), which resulted in increased costs for businesses.3  Some economists, 
however, disagree with both of these arguments because they are not supported by 
empirical evidence.4    
 
 
                                                 
2 Baily (1981). 
3 Valdes (1999). 
4 Mankiw (1992) and Valdes (1999) argue that the empirical estimates show that the oil crises negatively 
affected productivity, but that negative effect was much smaller than the registered productivity slowdown, 
and is quite insufficient to explain the paradox. 
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Table 2.1: Slowdown in TFP Growth in G7 Countries 5 
Growth Rate of TFP (%)  
COUNTRY 1948-1972 1972-1988 
Canada 2.9 2.6
France 4.3 2.1 
Germany 5.7 2.2 
Italy 4.9 2.8 
Japan 8.2 3.3 
United Kingdom 2.4 2.1 
United States 2.2 1.7
(SOURCE: Mankiw, 1992, and Valdes, 1999.) 
 
In this chapter, the question of the productivity paradox will be discussed again 
when the relevant OECD papers are reviewed in the following sub-section. 
 
2.2.2 ICT Usage and Productivity in the 1990s and Beyond 
 
Many economists have extended the application of Solow’s growth accounting 
framework to the 1990s’ data to find out whether the productivity paradox remained 
persistent.  An array of reports has emerged, and some of them will be reviewed in this 
chapter, in particular those issued by the OECD.  For this purpose, this chapter explores 
four major papers by the OECD in depth, as they are the most extensive relevant studies 
covering the eighties, nineties, and beyond 2000 for many OECD member countries.  
These papers are: 
 
1. ICT Investment and Economic Growth in the 1990s: Is the United States a Unique 
Case?  A Comparative Study of Nine OECD Countries.  OECD STI Working 
Papers 2001/7.  2001. 
2. ICT and Business Performance – Empirical Findings and Policy Implications. 
OECD Working Paper.  2002. 
3. ICT and Economic Growth: Evidence from OECD Countries, Industries, and 
Firms.  OECD Working Paper.  2003. 
4. Seizing the Benefits of ICT in a Digital Economy.  OECD Working Paper. 2003.  
Presented by the OECD secretariat during the OECD 2003 Ministerial Meeting on 
ICT and Economic Growth. 
 
The first paper is the result of a series of studies under the auspices of the OECD 
Directorate for Science, Technology, and Industry, coordinated by Colecchia and 
Schreyer with the cooperation of a team of researchers from various OECD countries.  
That study employs the Solow growth accounting framework as a basic analytical tool in 
assessing the contribution of ICT.  The study has four major advantages that distinguish it 
from many other previous studies.  Firstly, it takes into account the investment in 
software by firms as an investment in ICT, whereas past OECD studies were limited to 
                                                 
5 In computing the TFP, Mankiw (1992) and Valdes (1999) use the Cobb-Douglas production function of 
labor augmenting technical progress (Hicks neutral), a slide modification to the original Solow residual 
formula.  They find that the growth of TFP was equal to the growth of GDP, confirming that the lack of 
growth was due to equal decline in productivity. 
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hardware investments.  Secondly, the set of countries has been extended to cover more 
OECD member countries (nine countries: Australia, Canada, Finland, France, Germany, 
Italy, Japan, the United Kingdom, and the United States).  Thirdly, it uses a consistent 
measure of net value added (value added minus depreciation) for all countries under 
review.  Fourthly, it covers the 1980s, which provides a useful comparison along the time 
dimension.   
 
The second paper provides some detailed statistics that compare the contribution 
of ICT investment to labor productivity and output growth between the first and the 
second half of the 1990s.  The paper synthesizes 14 different case studies for eleven 
OECD countries conducted from 2000 until 2001. 
 
The third paper is a continuation of the first paper; it reassesses the contribution 
made by ICT to economic performance by using new and more recent data.  It assesses 
the degree to which the findings that appeared valid at the end of 2000 remain intact after 
taking into account the implosion of the IT bubble.  The paper incorporates new evidence 
on ICT usage by firms that was not available for the previous work.  It also covers more 
OECD countries, such as Austria, Denmark, Ireland, the Netherlands, Portugal, Spain, 
and Sweden.  This OECD paper also offers some new reasoning for the productivity 
paradox based on new findings from several firm-level studies.  Its argument on how the 
paradox took place will be discussed later in this chapter. 
 
The fourth OECD paper is the most recent which refers to new findings on the 
impact of ICT utilization on the economy.  The paper synthesizes the findings from 
earlier studies on the impact of ICT usage on the economy and also analyzes the recent 
data on productivity improvement in the OECD countries, notably for the United States 
and Canada. 
 
Due to the significant findings from these studies, the following sub-section will 
discuss each of the papers in more detail, while the findings from other relevant studies 
will be briefly referred to in the end of this sub-section.  
 
2.2.2.1. Findings from the 2001 OECD Paper: “ICT Investment and 
Economic Growth in the 1990s: Is the United States a Unique Case? A 
Comparative Study of Nine OECD Countries” 
 
 This OECD paper considers ICT investment as an indirect indicator for ICT 
usage.6  By assuming Hicks-neutral (inputs-augmenting) technology, that is Y=fT(K, L), 
the paper considers capital K to have two main components, i.e., ICT capital KC and non-
ICT capital KN, and then measures how KN, (as a percentage point) is reflected in the 
                                                 
6  The OECD uses the terms “ICT investment,” “ICT capital,” “ICT capital input,” and “ICT capital 
services” interchangeably, where ICT investment (or ICT capital input) is treated as part of capital K and 
noted as KC.  KC constitutes three ICT components: IT equipment, software, and communications equipment.  
The rate of change in KC is a weighted average of the rates of change of its three components. 
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output growth.7  Its main objective is to estimate the contribution of ICT investment to 
output growth of business sectors in nine OECD countries.  
 
 It should be noted here that when the contribution of ICT investment is computed 
in this way, it is essentially to measure the direct contribution of ICT capital input 
accumulation to the output growth.  We know from the Solow growth accounting model 
that the output growth is a result of inputs accumulation (the usage of more capital and 
labor) and the total factor productivity (TFP) as measured by the residual (total output 
growth minus the output growth due to the usage of more capital and labor).  The 
improvement in TFP reflects a better usage of technology such as ICT and also some 
other factors (as discussed in Chapter 1).  This OECD paper, however, confines itself to 
the contribution of ICT capital accumulation to the output growth of the business sector.  
It does not try to compute TFP and does not compute for the whole economy.   
 
 Nonetheless, this OECD paper provides some important insights into the direct 
contribution of ICT investment (or ICT capital accumulation) to the output growth of the 
business sector in nine OECD countries during the last two decades.  The paper assumes 
that the ICT investment is an indirect measure of ICT usage, since more investment in 
ICT adds more ICT capital stock, which enables more workers to use it in helping them 
raise their productivity.  Although, it does not make any assessment on TFP, this OECD 
paper tries to relate the findings from this study with other studies on TFP improvement, 
and tries to derive implications of the impact of ICT usage on the economy of OECD 
countries.   
 
 The OECD paper has five major implications.  First, despite different positions in 
the business cycle, the growth of investment by business sectors in the 1990s had been 
largely driven by growth in ICT investment.  For example, the growth of investment in IT 
equipment in the US in the 1990s doubled from the 1980s and accelerated in the period 
from 1995 to 2000 to reach an average growth of 32.4% per year.  Similar rates of 
increase were registered in France for all three types of ICT assets, while the most 
dynamic developments were in communications equipment in Finland, hardware in Japan, 
and software in Australia. 
 
 Secondly, it suggests that ICT investment constituted 14.4% to 29.9% of the total 
business sector investment in those countries in 2000, which is generally double the 
proportion in 1980.  Table 2.2 provides a detailed breakdown of ICT investment as a 
proportion of business sector total investment in nine OECD countries.   
 
                                                 
7 Thus, equation (3) in Chapter 1 is modified to allow for KC and KN, as follows: 
 
UY   =    θKC     UKC     + θKN    UKN + θL   UL   +    UT    
  Y            KC            KN             L         T 
where, θKC , θKN , and  θL  are the elasticities of production of ICT capital, non-ICT capital and labor, 
respectively.  For a cost-minimizing firm and under competitive conditions in factor markets, θKC, θKN , and  
θL  correspond to cost shares of the different factors of production.  Under constant returns to scale, total 
cost equals total revenue, cost share equals income share, and sum equals unity.    The definition of 
terminologies and formula used in this first OECD paper are provided in note 9 of the Appendix 1.1. 
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Table 2.2: ICT Investment by Business Sectors  
(Share in Total Investment of Business Sectors, 1980-2000) 
  Australia Canada Finland France Germany Italy Japan UK USA 
           
1980 2.2 3.9 2.0 2.5 4.6 4.1 3.3 2.9 5.1 
1990 5.5 4.5 3.6 3.5 5.5 4.2 3.8 6.0 7.0 
1995 8.4 5.7 4.0 3.9 4.6 3.5 4.6 8.6 8.7 IT Equipment 
2000 7.2 7.9 2.9 4.4 6.1 4.2 5.2 8.4 8.3 
           
1980 4.0 3.0 3.2 2.9 3.9 4.0 3.4 1.6 7.1 
1990 3.8 3.8 3.9 3.2 4.8 5.7 4.0 2.0 7.5 
1995 4.7 4.0 9.3 3.5 4.2 6.7 5.3 3.6 7.3 
Communication 
Equipment 
2000 5.6 4.2 15.3 3.9 4.3 7.2 6.9 3.6 8.0 
           
1980 1.1 2.2 2.6 1.3 3.6 1.7 0.4 0.3 3.0 
1990 4.6 4.9 5.2 2.6 3.7 3.8 3.1 2.1 8.0 
1995 6.4 7.1 9.2 3.5 4.5 4.3 4.0 3.5 10.1Software 
2000 9.7 9.4 9.8 6.1 5.7 4.9 3.8 3.0 13.6
           
1980 7.3 9.1 7.8 6.7 12.1 9.8 7.1 4.8 15.2
1990 13.9 13.2 12.7 9.3 14.0 13.7 10.9 10.1 22.5
1995 19.5 16.8 22.5 10.9 13.3 14.5 13.9 15.7 26.1
Total: 
ICT Investment 
2000 22.5 21.5 28.0 14.4 16.1 16.3 15.9 15.0 29.9
(SOURCE: OECD, ICT Investment and Economic Growth in the 1990s: Is the United States a Unique 
Case?  A Comparative Study of Nine OECD Countries, 2001.) 
 
 Thirdly, the OECD paper also identifies the contribution of ICT investment to the 
business sector’s output growth, as indicated in Table 2.3 and the figure in Footnote 8.  
The contribution from ICT investment already emerged during 1980-1985, ranging from 
0.18 to 0.43 percentage points.  This tended to double during 1995-1999, ranging from 
0.33 to 0.86 percentage points.   
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Table 2.3: Percentage Point Contribution of ICT Investment to Output Growth of 
Business Sectors, 1980-2000 8 
 
  Australia Canada Finland France Germany Italy Japan UK USA 
           
80-85 3.39 2.06 2.80 1.48 1.13 1.54 3.31 2.59 3.35 
86-90 3.79 2.90 3.42 3.46 3.59 3.04 5.14 3.90 3.31 
90-95 3.37 1.79 -0.70 0.97 2.22 1.44 1.33 2.12 2.64 
95-99 4.72 4.09 5.62 2.6 1.73 1.93 1.10 3.48 4.43 
Growth of Output 
96-00 4.62 4.20  2.81 2.06   3.55 4.40 
 Contribution (Percentage Points) from: 
80-85 0.24 0.25 0.21 0.13 0.18 0.21 0.16 0.16 0.36 
86-90 0.34 0.24 0.30 0.17 0.23 0.23 0.23 0.25 0.32 
90-95 0.37 0.21 0.17 0.16 0.24 0.18 0.25 0.23 0.29 
95-99 0.53 0.39 0.46 0.23 0.28 0.29 0.36 0.42 0.61 
IT & 
Communication 
Equipment 
96-00 0.53 0.43  0.25 0.30     0.43 0.62 
           
80-85 0.06 0.04 0.07 0.05 0.03 0.02 0.02 0.02 0.07 
86-90 0.12 0.09 0.12 0.05 0.04 0.08 0.07 0.04 0.11 
90-95 0.12 0.09 0.07 0.02 0.06 0.02 0.06 0.04 0.14 
95-99 0.13 0.12 0.16 0.10 0.07 0.07 0.02 0.05 0.25 
Software 
96-00 0.15 0.13  0.10 0.07   0.04 0.25 
           
80-85 0.30 0.29 0.28 0.18 0.21 0.23 0.18 0.18 0.43 
86-90 0.46 0.33 0.42 0.22 0.27 0.31 0.30 0.29 0.43 
90-95 0.49 0.29 0.24 0.18 0.30 0.20 0.31 0.27 0.43 
95-99 0.66 0.51 0.62 0.33 0.35 0.36 0.38 0.47 0.86 
Total ICT 
96-00 0.68 0.56   0.35 0.39     0.47 0.87 
           
80-85 1.66 1.11 0.77 0.72 0.69 0.82 1.10 0.76 1.25 
85-90 1.93 1.13 1.00 0.92 0.91 0.97 1.50 1.15 1.10 
90-95 1.37 0.65 0.26 0.78 1.08 0.73 1.49 0.85 0.97 
95-99 1.63 0.96 0.57 0.82 0.95 1.01 1.07 1.23 1.69 
Total Investment 
95-00  1.03  0.87 0.98   1.25 1.71 
Note: For some countries data are available only until 1999(SOURCE: The OECD, ICT Investment and Economic 
Growth in the 1990s: Is the United States a Unique Case? A Comparative Study of Nine OECD Countries, 2001)
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Fourthly, though this OECD paper does not make any direct attempt to assess the 
impact of ICT usage on productivity improvement, it recognizes other studies, such as by 
Oliner and Sichel (2000), and Jogenson and Stiroh (2000).  Those studies suggest that, 
for the United States, a sizeable part of overall TFP growth can be traced back to the ICT-
producing industries.9  It also recognizes the notable contributions of ICT-producing 
industries to the economy-wide labor productivity in a number of OECD countries, as 
indicated by Pilat and Lee (2001).  From those studies, this OECD paper posits that ICT 
usage helps improve the productivity of the ICT-producing industries and consequently 
contributes to economy-wide productivity improvement. 
 
Fifth, the experiences of Australia and Finland are marked by above-average TFP 
growth over the 1990s, and both countries’ growth performances benefited significantly 
from ICT investment.  The OECD paper reconfirms the earlier OECD study on Australia 
and Finland, suggesting that ICT usage, as indirectly reflected in ICT investment, was a 
major force behind these countries’ productivity improvement and economic growth.    
 
The observations made by the 2001 OECD paper provide some evidence on the 
direct contribution of ICT capital accumulation to the output growth of the business 
sectors in the OECD countries under review.  In particular, the paper relates the 
improvement in productivity to the increase of ICT usage in Australia, Finland, Canada, 
and the US during the 1990s.  
 
2.2.2.2. Findings from the 2002 OECD Paper: “ICT and Business 
Performance – Empirical Findings and Policy Implications”  
 
 The paper provides some detailed statistics that compare labor productivity 
between the first and the second half of the 1990s for eleven countries as shown in Table 
2.4.  It shows that GDP growth and labor productivity were positive but low in the first 
half of the 1990s, and accelerated in the second half of the 1990s in the United States, 
Australia, and the Netherlands.   
 
 Finland had the highest labor productivity during the first half of the 1990s, and 
Australia was the highest in the second half.  These two countries had relatively high ICT 
usage compared to other counties, as indicated indirectly by the high shares of ICT 
investment in the total investment of their business sectors (see also Table 2.2 in the 
previous sub-section of this chapter).  
 
 The contribution of ICT usage to output growth was also positive during the first 
half of the 1990s, i.e., between 0.1 and 1.4 percentage points.  The contribution of ICT 
usage to the output growth accelerated during the second half of the 1990s in most of 
                                                 
9 Oliner and Sichel (2000) attributed 0.65 percentage points of an overall 1.16 percent TFP growth rate over 
the period 1996-1999 to TFP advances in the ICT sector.  Jorgenson and Stiroh (2000) identified a 0.50 
percentage point contribution from the ICT sector out of the overall 0.75 percent TFP growth over the 
period 1995-1999. 
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these countries (the United States, Japan, Germany, France, the United Kingdom, Canada, 
Australia, and Belgium), as indicated in the seventh column of the table. 
 
 Table 2.4: The Impact of ICT Investment on GDP and Labor 
Productivity Growth – Results from National Studies 
 GDP Growth Labor Productivity 
Growth 
Contribution of ICT 
to GDP Growth 
Notes 
Country 90-95 95-00 90-95 95-00 90-95 95-00  
Percent 
USA        
Oliner and Sichel (2000) - - 1.6 2.7 0.5 0.9 91-95;96-99
Jogenson et al. (2002) 2.5 4.0 1.4 2.7 0.5 1.0 90-95;95-99
BLS (2002) - - 1.5 2.7 0.4 0.9 90-95;95-00
Japan        
Miyagawa et al. (2002) - - 2.2 1.4 0.1 0.4 90-95;95-98
Germany        
RWI and Gordon (2002) 2.2 2.5 2.6 2.1 0.4 0.5 90-95;95-00
France        
Cette et al. (2002) 0.5 2.2 1.6 1.1 0.2 0.3 90-95;95-00
UK        
Oulton (2001) 1.4 3.1 3.0 1.5 0.4 0.6 89-94;94-98
Canada        
Armstrong et al. (2002) 1.5 4.9 - - 0.4 0.7 88-95;95-00
Khan and Santos (2002) 1.9 4.8 - - 0.3 0.5 91-95;96-00
Australia        
Parham et al. (2001) - - 2.1 3.7 0.7 1.3 89/90-99/00
Simon and Wardrop (2001) 1.8 4.9 2.2 4.2 0.9 1.3 91-95;96-00
Belgium        
Kegels et al. (2002) 1.5 2.8 1.9 1.9 0.3 0.6 90-95;95-00
Finland        
Jalava and Pohjola (2002) - - 3.9 3.5 0.6 0.5 90-95;96-99
Korea        
Kim (2002) 7.5 5.0 - - 1.4 1.2 91-95;96-00
Netherlands        
Van der Wiel (2002) - - 1.2 1.3 0.2 0.2 91-95;96-99
Note: 
GDP growth for some countries is not provided in this OECD paper.  
(SOURCE:  OECD, “ICT and Business Performance – Empirical Findings and Policy Implications,” 
2002.) 
 
2.2.2.3. Findings from the 2003 OECD Paper: “ICT and Economic 
Growth: Evidence from OECD Countries, Industries, and Firms”. 
 
In 2003 the OECD, using more recent data, reassessed whether or not the findings 
that appeared valid at the end of 2000 remain intact in the most recent years.  This OECD 
study took more efforts to analyze the impact of ICT usage by also incorporating the 
analyses on ICT usage at the firm level.  
 
 The new OECD paper was of the view that the economic impact of ICT usage is 
closely linked to the extent to which different ICT technologies have diffused in the 
economy.  This is because ICT is a network technology; the more firms and people use 
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the network, the more benefits it generates.  Accordingly, the OECD paper began its 
analysis by comparing the diffusion of ICT usage among the OECD countries.10   
 
In the analytical process, the OECD identified several factors affecting the 
diffusion of ICT usage.11  By referring to these factors, the OECD paper emphasized the 
fact that ICT usage can be promoted further if policy environments are conducive to the 
business sector’s deployment of ICT.  The OECD study offers the following observations, 
which have many implications for the Malaysian analysis.  
 
First, while ICT investment accelerated in most OECD countries over the past 
decade (1990-2001), the pace of that investment differed widely.  The ICT investment 
rose from less than 15% of total business investment in the early 1980s, to a range of 
15% to 30% in 2001.  In 2001, the share of ICT investment was particularly high in the 
United States, the United Kingdom, Sweden, the Netherlands, Canada, and Australia.  In 
several countries, notably Australia, Canada, and the United States, investment in ICT 
supported labor productivity growth.  
 
Second, ICT investment accounted for between 0.3 and 0.8 percentage points of 
growth in GDP per capita over the 1995-2001 period.12  The United States, Australia, the 
Netherlands, and Canada received the largest boost, Japan and the United Kingdom a 
more modest one, and Germany, France and Italy a much smaller one.  The software 
                                                 
10 For this purpose, it uses the following indicators: 
1. Share of ICT investment in the total investment of the business sector (for thirteen countries).  
The paper treats the share of ICT in investment as a core indicator for diffusion of ICT usage 
because investment in ICT establishes the infrastructure for the use of ICT networks and provides 
productive equipment and software to businesses. 
2. ICT as a percentage of all stock of equipment (only for the United States). 
3. Internet commerce is measured by the number of secure web servers (for thirty OECD 
countries). 
4. Proportion of firms using the Internet for purchases and sales (for sixteen OECD countries). 
5. Extent of ICT usage among firms (e.g., comparison between users and non-users and between 
the most intensive users and the least intensive users). 
11 Factors affecting the ICT diffusion: 
 1. Factors related to direct costs of ICT, e.g., the costs of acquiring ICT equipment and services. 
2. Costs and implementation barriers related to enabling factors, e.g., the availability of know-how 
or qualified personnel, or the scope of organizational change. 
3. Factors related to risk and uncertainty, e.g., the security of doing business online, or uncertainty 
of payments, delivery, and guarantees. 
4. Factors related to the nature of the businesses.  Electronic commerce may not suit all business 
models.  ICT is a general purpose technology, but it may be more appropriate for some activities 
than others.   
5. Factors related to competition.  (A competitive environment is more likely to lead a firm to 
invest in ICT as a way to strengthen performance than a more sheltered environment, while 
competition is most likely to put downward pressure on costs of ICT.) 
The first indicator provides a continuation to the earlier OECD research, as reported in the previous paper.  
The following indicators (2, 3, and 4) are intended to reinforce the general trend of ICT usage shown by the 
first indicator.  The last indicator is a major focus of the new OECD study, an assessment of the impact of 
ICT usage at a firm level.  This provides a new scope in understanding the impact of ICT usage, which is 
not available in the previous OECD studies.  
12 Growth rates of GDP per capita are not provided in the OECD paper. 
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accounted for up to a third of the overall contribution of ICT investment to GDP growth 
in OECD countries.  (The first and second results differ slightly from those released in 
the first paper.  This is due to data revisions in OECD countries and the change from 
estimates for the business sector to those for the whole economy.  But there is a similar 
trend in contributions to the output growth from ICT investment either in the business 
sector or in the whole economy.) 
 
Third, ICT-producing industries made the largest contributions to aggregate 
productivity growth in Finland, Ireland, Japan, Korea, Sweden, and the United States.  In 
Finland, Ireland, and Korea, ICT-producing industries contributed almost 1 percentage 
point of aggregate productivity growth in the 1995-2001 period, suggesting that the 
contribution to productivity growth was attributable to better ICT usage in the ICT-
producing industries.13  However, high entry costs have limited many countries from 
participating in ICT manufacturing.  For example, a new semi-conductor plant cost some 
US $100 million in the early 1980s, which rose to as much as US $1.2 billion in 1999.  
 
Fourth, study of the service sectors in Australia and the United States suggests 
that sub-sectors that had invested heavily in ICT, such as financial services and 
distribution (wholesale and retails), achieved more rapid productivity growth.   
 
Fifth, ICT investment had a close link with productivity improvement at the 
aggregate level.  Countries that had invested most in ICT in the 1990s often witnessed the 
largest increase in TFP growth over the same period. 
 
Sixth, the intensive ICT users gained better productivity improvement than the 
less intensive ICT users in the manufacturing and service sectors.  This finding is based 
on number of case studies in the United States, Canada, Australia, France, Italy, and the 
Netherlands, suggesting that ICT usage led to an expansion in market share, notably in 
the United States and Canada.   
 
Figure 2.1 illustrates a typical finding from firm level studies indicating that ICT-
using firms have better productivity performance.  A case study in Canada shows that 
firms that used more ICT technologies had a higher level of productivity than firms that 
did not use these technologies.  In 1988, the productivity of ICT-using firms was 1.11% 
to 1.14% higher than non-users.  The productivity gap between ICT-using firms and other 
firms increased in 1997 to a range of 1.21% to 1.34%.  The study also suggests that some 
ICT technologies are more important in enhancing productivity than other technologies, 
communication network technologies being particularly important.   
 
Figure 2.2 illustrates an important fact; based on firm level studies in Australia, 
ICT usage had a positive effect on productivity improvement during 1994-1998.  It 
contributed to productivity growth ranging from 0.04% to 0.29% in eight economic sub-
sectors.  On average, for firms that use computers and the Internet in a simple manner, 
ICT usage contributed 0.11 percentage points of the TFP growth, while for more 
intensive users of ICT (i.e., firms that use computers together with all other computer-
                                                 
13 Growth rates of aggregate productivity are not provided in the OECD paper. 
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based networks), ICT usage contributed 0.14 percentage points of TFP growth during that 
period.  Thus, higher intensity of ICT usage contributed more to the growth of TFP at the 
firm level.  
 
Figure 2.1: Relative Productivity of ICT Users and Non-ICT-Users 
Manufacturing Sector in Canada, 1988 Versus 1997 
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* The Figure shows the relative productivity of ICT user groups compared to those non-ICT-users. 
(SOURCE: OECD, “ICT and Economic Growth: Evidence from OECD Countries, Industries, and Firms,” 
2003.) 
 
Figure 2.2: Estimated Contribution of ICT Usage to TFP Growth 
in Australia  (1994-1998, in Percentage Points) 
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Seventh, based on the firm level studies, the OECD paper suggests that the 
productivity paradox could be well accounted for by referring to three reasons: 
 
1. The benefits of ICT were not picked up in the productivity statistics.  This is 
mainly a problem in measuring the productivity of the service sector, where most 
ICT investment occurs.  ICT may have aggravated the problems of measuring 
productivity, as ICT usage allows greater customization, differentiation, and 
innovation in the service provided, most of which is difficult to capture in 
statistical survey.  The paper gives the example of the improved convenience of 
financial services due to automatic teller machines (ATMs), which is not counted 
in statistical surveys as improvement in productivity in some OECD countries.  
Similar problem exist for other activities such as insurance, business services, and 
health services.   
 
2. The benefits of ICT usage might have taken considerable time to emerge, as did 
the impacts of other key technologies, such as electricity.  The diffusion of new 
technologies is often slow, and firms can take a long time to adjust to them (e.g., 
in changing organizational arrangements, upgrading the workforce, or inventing 
and implementing effective business processes).  Moreover, assuming ICT raises 
productivity in part via the networks it provides, it takes time to build networks 
that are sufficiently large enough to have an effect on the economy.  ICT diffused 
very rapidly in many OECD countries in the 1990s, and many recent empirical 
studies find a larger impact from ICT on economic performance than studies that 
were carried out with data for the 1970s or 1980s.  
 
3. Many early studies that attempted to capture the impact of ICT usage at a firm 
level were based on relatively small samples of firms and drawn from private 
sources.  If the initial impact of ICT usage on performance was small, those 
studies might have found little evidence, which was easily lost in the econometric 
“noise.”  Moreover, the impact of ICT usage on economic performance might 
have differed between activities, implying that a sectoral distinction in analysis is 
important.  Recent studies based on large samples of official data and covering 
several industries are more likely to find an impact from ICT usage than earlier 
studies.  Much progress has been made in recent years in measuring ICT 
investment and the diffusion of ICT usage, implying that the range of available 
data is broader, more robust, and statistically sounder than previous data.   
 
The 2003 OECD paper takes into account a wide range of data, covering 
macroeconomic, sector-specific, and firm level data in OECD countries.  The paper 
confirms the findings of its earlier studies in 2001 and claims that ICT usage continues to 
have a strong impact on economic performance, though the impact of ICT differs 
markedly across OECD countries.  It also suggests that the largest economic benefits of 
ICT are observed in countries with high levels of ICT diffusion.  However, equal ICT 
diffusion will not always yield similar impacts on economic performance across varying 
countries.  Other factors, such as regulatory environments, availability of appropriate 
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skills, ability to change organizational set-ups, and the strength of accompanying 
innovations in ICT applications, affect the ability of firms to take advantage of the 
benefits of ICT.   
 
 2.2.2.4. Findings from the 2003 OECD Paper: “Seizing the Benefits of 
ICT in a Digital Economy”14 
 
This is the most recent OECD paper that refers to new findings on the impact of 
ICT utilization on economies.  The paper synthesizes the findings from earlier studies on 
the impact of ICT usage on economies and also analyzes the recent data on productivity 
improvement in the OECD countries, notably for the US and Canada.  The paper 
concludes that, despite a slowdown in the ICT sector after the implosion of the IT bubble 
in 2000, the majority of recent evidence suggests that ICT remains a major, positive, 
dynamic force in promoting economic growth in OECD countries through productivity 
improvement.   
 
Productivity growth in the United States, Canada, and Australia – examples of 
ICT-led growth – has continued to be strong in recent years, suggesting that the 
improvement in productivity in these countries was structural.  The paper also suggests 
that increased usage of ICT has structurally transformed these economies for better 
productivity, and the implosion of the IT bubble just caused a temporary setback.   
 
 The OECD paper indicates that productivity growth in the United States and 
Canada slowed down following the implosion of the IT bubble in April 2000, which 
affected the US and other economies in 2001.  For 2002, however, productivity improved 
even more than before (refer to the figure in the footnote).15  The trend in productivity 
improvement continued to point to a structural improvement in productivity growth.  In 
the US in particular, recent past economic growth has been dominated by ICT usage. 
 
                                                 
14 The paper was presented by the OECD secretariat during the OECD 2003 Ministerial Meeting on ICT 
and Economic Growth. 
15 Productivity Growth in the United States and Canada, 1998-2002 
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Note:  Growth of output per hour, year-on-year % change. Similar data for other countries are not provided 
by the OECD paper. 
(SOURCE: OECD, Seizing the Benefits of ICT in a Digital Economy, 2003.) 
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In summary, the OECD’s recent paper is of the view that ICT affects economic 
growth in three ways: 
1. ICT-producing industries play an important, leading role in some countries, 
though they may be small in size. 
2. Investment in ICT adds to the capital stock that is readily available to the 
workforce, leading to higher labor productivity. 
3. The businesses that have invested the most in ICT, such as the wholesale and 
retail trades, have experienced more rapid TFP growth. 
 
 It further suggests that ICT usage helps firms increase far-reaching efficiency in 
combining labor and capital, or TFP, and that network effects arising from the use of ICT 
may also be linked to more rapid TFP growth, as the effects involve a lot of time and cost 
saving in both geographical and procedural contexts.  
 
2.2.3.. Findings from Other Studies 
 
 Some other studies have reported similar findings on the impact of ICT usage on 
the sector-specific level and for the whole economy.  Some examples of findings are 
summarized below (listed in chronological order by report): 
 
• The United States Department of Commerce. 2000. The Digital Economy 2000. 
• ICT usage accounted for at least a half of the acceleration in productivity growth in 
the second half of the 1990s. 
• ICT-producing industries (the intensive users of ICT) accounted for 8.3% of the 
total output, and nearly one-third of the real economic growth rate (1995-99). 16 
• Saito, Yoshihito. 2000. The Contribution of Information Technology to Productivity 
Growth: International Comparison.  
• Evidence was identified for the contributions of ICT utilization to the OECD 
countries’ economic productivity.   
• Jorgenson, Dale and Kevin Stiroh. 2000. “Raising the Speed Limit: US Economic 
Growth in the Information Age.” Brookings Papers on Economic Activity (1). 
• One of the important sources of TFP growth in the United States in the 1990s was 
from ICT-producing industries (0.5 percentage points of an overall 0.75% TFP 
growth over the period from 1995 to 1999). 
                                                 
16 Other contributions of the ICT sector to the United States economy include: 
• ICT-producing industries employment grew by almost 28% (1994-98), and employment in ICT 
occupations increased by 22% over the same period.  In 1998, the average annual wage for workers in 
ICT-producing industries was $58,000, or 85% higher than the national average. 
• Declining ICT prices (particularly computers) lowered overall inflation by 0.5%. 
• Comparatively, the ICT sector formed a big portion of the GDP in the United States (6% in 1998), 
similar to Japan, Sweden and Finland.  The biggest contribution of the ICT sector to GDP among 
OECD counties was in Ireland, where the ICT sector accounted for 7% of GDP in 1998, and 3 to 4% in 
New Zealand, France, Denmark, Italy, and Spain.  The GDP share of ICT-producing industries 
increased by between 0.2 - 1.6% during the period of 1995-1998 for those above-mentioned countries.  
In Japan, it increased by 0.4%, and it increased in the United States by 1.1% for the same period.  
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• Pohjola, Matti. 2000. “Information Technology and Economic Growth: A Cross-
Country Analysis”. Working Paper No. 173. UNU World Institute for Development 
Economics Research. The United Nations University. 
• ICT investment produced higher returns than non-ICT investment and regression 
analysis indicated that ICT investment contributed significantly to the economic 
growth of the OECD countries during 1980 to 1995. 
• Pilat, D. and Frank C. Lee.  2001.  Productivity Growth in ICT-Producing and ICT-
Using Industries.  A Source of Growth Differentials in the OECD.  OECD STI 
Working Paper 4. 
• Contributions of ICT and non-ICT-producing industries to economy-wide labor 
productivity growth were examined, and notable contributions of the ICT-producing 
industries in a number of countries were identified. 
• Van Ark, B. 2001.  The Renewal of the Old Economy: An International Comparative 
Perspective.  OECD STI Working Papers 2001/5. 
• The productivity growth differentials between the United States and several 
European countries are at least partly explained by a larger and more productive ICT-
producing industry in the United States.  
 
2.3. ICT Usage in Malaysia 
 
 In the context of the Malaysian economy, there is no previous study that has tried 
to assess the economic impact of ICT usage on Malaysia.  Most studies on the Malaysian 
economy have been centered on the role of foreign direct investment (FDI) and 
government macroeconomic policies.  The World Bank study (1993) and subsequent 
studies (for example, Campos and Root 1997, Ito 2001, Stiglitz 2001, and ADB 2004) 
have shown how FDI and macroeconomic policies have helped Malaysia and other Asian 
economies achieve high economic growth.17  
 
 This thesis tries to open up a new perspective by identifying the contribution of 
ICT usage to the recent economic performance of Malaysia.18  Part of this thesis is in line 
with the OECD approach, but the peculiarity of the Malaysian economy and the 
availability of data may not render a direct comparison between Malaysia and OECD 
countries.   
 
 
                                                 
17 Malaysia is included as one of the economies that experienced the so-called East Asian Miracle, which 
was supposed to be based on the following factors: 
• Stable macroeconomic environment 
• High saving and investment rates 
• High-quality human capital (good education and a high literacy rate) 
• Merit-based bureaucracy 
• Low income inequality (decreasing poverty) 
• Export promotion 
• Successful industrialization 
• Inflow of FDI and associated transfer of technology 
18 The recent macroeconomic data are provided in Appendix 2.1 and data on the ICT-related manufacturing 
sub-sector are provided in Appendix 2.2. 
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2.3.1 ICT Usage and Productivity in the 1980s 
 
 Specific data on ICT usage before 1990 were scarce in Malaysia.  However, based 
on some indirect indications, ICT usage was higher in the 1980s as compared with 
previous decades, notably in the manufacturing and service sectors.19  ICT usage in the 
manufacturing sector is considered to have started in the early 1970s.  Indeed, Intel (from 
the United States) and Matsuhita (from Japan) started their operations in Malaysia in 
1972. More widespread ICT usage in the 1980s was brought about by the increased 
presence of ICT-related foreign firms and modernization of the financial services.  
 
 The ICT usage among the local manufacturing firms in the 1980s also improved, 
in particular among the export-oriented firms and Malaysian vendors or suppliers for 
multinational companies.  Moreover, Malaysia received the largest ICT-related FDI 
among Southeast Asian countries during the 1980s.  In the case of Malaysia, it is 
considered that the ICT usage in the business sector during the 1980s was in tandem with 
the increase in FDI.  The FDI inflow has made the Malaysian manufacturing sector the 
second most important sector, next to the service sector, since the mid-1980s.  
Accordingly, the Malaysian agriculture sector, which used to be the major one, has 
dramatically reduced its role in the whole economy.  
 
 As for the service sector, ICT usage might have begun earlier than in the 
manufacturing sector, in particular in the financial services sub-sector.  But the ICT usage 
seems to have started with a slow movement in the late 1960s, and only picked up 
momentum in the mid 1970s when more financial services began to move toward 
computerization.  The increasing volume of commercial transactions was an inevitable 
motivator for ICT in Malaysian financial services.  Then, in the early 1980s, with the 
advancement in ICT, real-time online electronic funds transfer came into existence.  
Starting with the introduction of automated teller machines (ATM’s) in 1981, every year 
more than 100 ATMs were installed here and there in Malaysian cities during the 1980s.  
ATM and electronic operations have released many financial services from time and 
geographical constraints.  Electronic financial operations have enabled many banks to 
offer services beyond the normal office hours and brick and mortar branches.  
Incidentally, the introduction of electronic banking in the financial services has impacted 
employment processes, shifting from manual and mundane activities, like processing 
withdrawals and over-the-counter fund transfers, to operational and mental activities.  
 
 Though ICT usage gathered momentum, it is hard to conclude whether or not it 
contributed to overall labor productivity improvement and economic growth during the 
1980s.  This difficulty is due to statistical problems; both macro and micro level data on 
ICT investment and ICT usage were very scarce before the 1990s.  
 
                                                 
19 Indirect indications such as the increased inflow of ICT-related foreign investments (the main users of 
ICT in the manufacturing sector) in the 1980s and modernization of the financial services sector were also 
initiated in the 1980s. 
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2.3.2 ICT Usage and Productivity in the 1990s and Beyond  
 
 This sub-section will analyze ICT usage in the manufacturing and service sectors 
during the 1990s, as well as include the available data after 2000. This study will also 
analyze the indicators for ICT usage as applied in the OECD studies, such as ICT 
investment and the intensity of ICT usage by firms.   
 
 2.3.2.1  ICT Usage in the Manufacturing Sector 
 
 The investment in ICT by the manufacturing sector increased by an annual 
average of 31% during the 1990s.  With this rate of growth, the ICT investment in 2000 
was fifteen times more than the level in 1990.  Figure 2.3 illustrates this expanding 
investment in ICT among manufacturing firms.  They spent RM 78 million (US $21 
million, with the exchange rate of US $1=RM 3.80) on ICT equipment in 1990.  Ten 
years later in 2000, they spent RM 1.182 billion (US $311 million).20   
  
Figure 2.3: ICT Investment by the Manufacturing Sector 
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Note: The compounded average growth rate between 1990 and 2000 = 31%. The implosion of the IT 
bubble seemed to affect the growth of ICT investment in 2001. 
(SOURCE: Based on data from the Economic Planning Unit, Prime Minister’s Department, Malaysia.) 
 
 
 
 
 
 
 
 
 
 
                                                 
20 The composition of ICT investment in the Malaysian economy is analyzed in Chapter 3. 
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 The rapid investment in ICT pushed up other ICT usage indicators accordingly.21  
A survey conducted by the government in 1994 on the extent of ICT usage revealed that 
more than 90% of manufacturing firms already used computers for administrative 
purposes, in particular for payroll, accounting and finance, and personnel data 
management (see Figure 2.4 and the table in the footnote).22  More than 60% of them 
used computers for inventory control purposes and more than 40% used computers for 
transaction purposes.  
 
 However, there was a different extent of computer usage between big and small 
firms.  As Figure 2.4 shows, big firms tended to use computers for more advanced 
functions such as product design, quality control, process planning, production and 
materials planning.  These functions were enhanced with the use of computer programs 
such as computer-aided design (CAD), computer-aided manufacturing (CAM), and 
computer-aided engineering (CAE), as well as robotics. 23  In contrast, small firms tended 
to concentrate on facilitating administrative functions.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
21 The ICT usage has a breakdown of two components, ‘extent’ and ‘intensity’.  The concept of extent 
refers to the situation how ICT is applied to business process such as administrative, primary and 
supportive functions, while the concept of intensity refers to the situation how deeply ICT is applied to each 
business process. 
22 ICT Usage in the Manufacturing Sector (Percent of Firms using ICT for Business Functions, 1994) 
FUNCTIONS 
% of big 
firms 
% of small 
firms FUNCTIONS 
% of big 
firms 
% of small 
firms 
Payroll 95.2 90.0 Personnel 82.3 45.0
Staff Scheduling 22.6 20.0 Product Design 29.8 20.0
Process Planning 51.6 20.0 Inventory Control 77.4 60.0
Materials Planning 63.7 20.0 Account and Finance 96.0 90.0
Quality Control 46.8 0.0 Transaction Process 52.4 40.0
E-mail 27.4 10.0 Word Processing 83.8 95.0
Production 61.3 25.0  
Note: Big firms in this survey are firms with more than RM2.5 million paid up capital and have more than 
75 workers. 
(SOURCE: Economic Planning Unit, Prime Minister’s Department, The Seventh Malaysian Plan.) 
23 Descriptions on CAD, CAM and CAE are provided in Appendix 1.1. 
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Figure 2.4: ICT Usage in the Manufacturing Sector 
(Percent of Firms Using ICT for Business Functions, 1994)  
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Note: Big firms are firms with more than RM 2.5 million paid up capital and have more than 75 workers. 
(SOURCE: The Economic Planning Unit, Prime Minister’s Department, Malaysia, The Seventh Malaysian 
Plan.) 
 
 Another survey conducted by the government in 2001 reports that the extent of 
ICT usage in strategic functions was much wider than in 1994, as illustrated by Figure 
2.5 (and the table in the footnote).24   
 
 
 
 
 
 
 
 
 
 
 
                                                 
24 ICT Usage in the Manufacturing Sector (Percent of firms use ICT to perform some functions, 2001) 
FUNCTIONS % of firms FUNCTIONS % of firms
Payroll 95.9 Personnel 92.1
Staff Scheduling 71.8 Product Design 62.2
Process Planning 73.6 Inventory Control 89.5
Materials Planning 82.6 Account and Finance 97.5
Quality Control 75.0 Transaction Process 89.9
E-mail 80.0 Word Processing 100.0
Production 83.0 
(SOURCE: The National Productivity Corporation.) 
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Figure 2.5: ICT Usage in the Manufacturing Sector 
(Percent of Firms Using ICT for Business Functions, 2001) 
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Note: The survey did not differentiate between big and small firms. 
(SOURCE: The National Productivity Corporation.) 
 
 
 Sophisticated functions, such as process planning, production, material planning 
and quality control, were supported by ICT usage for more than 70% of manufacturing 
firms.  In the same year, more than 90% of the manufacturing firms relied on ICT usage 
for their transactions, inventory control, accounting and finance, and payroll purposes.  
Thus, the increasing efforts by businesses coupled with the government’s supportive 
measures have resulted in intensified ICT usage in the Malaysian firms’ business 
processes.    
 
Although there was no business-size breakdown in the survey, what the author 
heard from those who engaged in the survey suggested that the gap between big and 
small firms had been somewhat reduced.  This survey, however, provides detailed 
information on how ICT usage was extended to administrative, primary, and supportive 
functions of the business process. 
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Table 2.5 shows that for administrative functions (such as for payroll, accounting 
and finance, personnel, and transaction processing), more or less 80% of the respondents 
relied on ICT usage in 1997, and that the share rose to more than 90% in 1999. 
 
Table 2.5: Extent of ICT Usage for Administrative Functions 
(Percent of Manufacturing Firms Using ICT for Administrative Functions) 
 
 
Table 2.6: Extent of ICT Usage in Primary and Supportive Functions 
(Percent of Manufacturing Firms Using ICT for Primary and Supportive Functions) 
 
As Table 2.6 shows, for primary functions (such as machining, production, 
quality control, and packaging) more than half of the respondents indicated that they used 
ICT.  A similar situation was also identified in regard to supportive functions (such as 
process planning, product design, staff scheduling, material planning, and inventory 
control).  Generally, the use of ICT for these two purposes has been increasing (Table 
2.6). 
 
Administrative Functions (%) 
Sub-Sector 1997  1999  2001 
Food and Beverages  84  93 91 
Wood and Wood Products  93 96 92 
Machinery and Equipment  95 98 92 
Rubber and Rubber Products  86 92 92 
Transport Equipment  -  -  96 
Fabricated Metal  -  - 94 
Textiles and Apparel  89 91 94 
Chemical and Chemical Products  90 95 94 
Non-Metallic Products  93 97 100 
Electrical and Electronics Devices 90 96 94 
Plastic Products  81 92  98 
Note: Administrative functions include payroll, accounting and finance, personnel, and transaction 
processing.)  
(SOURCE: The National Productivity Corporation.) 
 Primary Functions (%)  Supportive Functions (%) 
Sub-sector  1997 1999 2001 1997 1999 2001 
Food and Beverages  57 56 61 52 63 66 
Wood and Wood Products  57 62 47 43 62 66 
Machinery and Equipment  57 67 52 80 83 74 
Rubber and Rubber Products  51 53  72  62  52  73 
Transport Equipment  - - 80 - - 83 
Fabricated Metal  - - 65 - - 79 
Textiles and Apparel  64 52  67  77  68  80 
Chemical and Chemical Products  52 68  55  63  75 71 
Non-Metallic Products 52 70  58  58  75  82 
Electrical and Electronics Devices 72 84  77  78  89 80 
Plastic Products 61 72  86  62  73  87 
Note: Primary functions include machining, production, quality control, and packaging.  Supporting 
functions include process planning, product design, staff scheduling, material planning, and inventory 
control. 
(SOURCE: The National Productivity Corporation.) 
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 As for evaluating the intensity of ICT usage, by using four indicators, the same 
survey suggests that the degree of ICT usage differed according to different business 
processes.  Table 2.7 summarizes the findings of the survey.25  For the administrative 
functions, about 70% to 95% of firms reported that they used ICT rather intensively 
(reflected in the column “High and Medium” in Table 2.7).  This was only about 20% to 
60% of firms for primary functions, but it was about 40% to 75% for supportive functions.   
 
 
 
 The findings on the extent and intensity of ICT usage in the manufacturing sector 
indicate that ICT usage intensified during the 1990s.  It implies that Malaysian 
manufacturers have increasingly been moving towards higher utilization of ICT.  The 
findings are apparently in line with the data in Figure 2.3 that show an increasing 
investment in ICT by the manufacturing sector during the same period.  One 
interpretation could be that Malaysian firms have been ready to keep up with the need to 
increase efficiency in competitive international markets.   
 
 It is also observed that among the manufacturing sub-sectors, ICT-related 
manufacturing firms are the most intensive users of ICT equipment in their business 
                                                 
25 Indicators for the intensity of ICT usage: 
1) High: if more than 70% of tasks are supported by ICT 
2) Medium: if between 40% to 70% of tasks are supported by ICT 
3) Low: if less than 40% of tasks are supported by ICT 
4) None: if no task is supported by ICT 
Table 2.7: Intensity of ICT Usage in the Manufacturing Sector 
(Percent of Firms with High, Medium, and Low ICT Usage, 2001) 
 
DEGREE of INTENSITY 
INDICATORS High Medium Low High +  
Medium 
None 
ICT USAGE IN ADMINISTRATIVE FUNCTIONS:  
Payroll  65.6 24.7 5.6 90.3 4.1  
Accounting and Finance  76.7 17.7 3.1 94.4 2.5 
Transaction Processing  55.2 24.3 10.4 79.5 10.1 
Personnel 27.8 42.4 21.9 70.2 7.9 
ICT USAGE IN PRIMARY FUNCTIONS:  
Machining 8.3 13.2 30.9 21.5 47.6 
Production Planning, Scheduling, and Loading 28.1 33.7 21.2 61.8 17.0 
Quality Control 10.8 37.2 27.0 48.0 25.0 
Material/Work-In-Process/Final Product 19.8 27.1 30.2 46.9 22.9 
Packaging 5.2 15.3 29.9 20.5 49.6 
ICT USAGE IN SUPPORTIVE FUNCTIONS:  
Inventory Control  42.0 31.9 15.6 73.9 10.5 
Material Planning  28.8 33.3 20.5 62.1 7.4 
Staff Scheduling  7.6 25.0 39.2 32.6 28.2 
Product Design  21.5 21.9 18.8 43.4 37.8 
Process Planning  12.8 29.2 31.6 42.0 26.4 
Note: “High” indicates that more than 70% of tasks are supported by ICT, “medium” indicates that between 
40% - 70% of tasks are supported by ICT, “low” indicates that less than 40% of tasks are supported by ICT, 
and “none” indicates that no tasks are supported by ICT 
(SOURCE: The National Productivity Corporation.) 
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processes. Figure 2.6 shows the degree of ICT usage among twelve different 
manufacturing sub-sectors.  The figure is drawn based on a survey done by the 
government in 1997 which shows that ICT-related manufacturing firms were the highest 
users of ICT, accounting for 39% of all manufacturing firms that used this technology in 
their product design functions.26  ICT-related manufacturing firms are also the highest 
users of ICT for primary functions, such as machining, production, quality control, and 
packaging.  They were also the main users of ICT for supportive activities, such as 
process planning, staff scheduling, material planning, and inventory control (the survey 
focused on electronics and electrical manufacturing firms). 
 
Figure 2.6: Usage of Computer-Aided Design Equipment among Manufacturing 
Firms 
  
 
(SOURCE: Data based on a survey by The National Productivity Corporation.) 
 
 
 Apart from those private sector initiatives, the government has also stepped up its 
efforts to promote ICT usage among manufacturing firms.  The government’s efforts 
were documented in “The Sixth Malaysian Plan,” the five-year development blueprint for 
1990-1995.  The plan spelled out various programs to promote, expand, and upgrade “IT” 
applications and advanced manufacturing technology in the industrial sector.27Based on 
                                                 
26  For the ICT usage by the ICT-related firms, the survey focused on the electronics and electrical 
manufacturing firms.  In this case, ICT usage refers to computer aided design, or CAD. 
27 The plan included a program conducted by the Standards and Industrial Research Institute of Malaysia 
(SIRIM) and the Malaysian Institute of the Microelectronic System (MIMOS). SIRIM provided training in 
CAD, Computer Aided Machine (CAM), and Computer Aided Engineering (CAE), while MIMOS 
undertook research and development (R&D) and provided training in very large-scale integrated circuit 
(VLSI) design.  In addition, MIMOS assisted industries in software development, product development, 
and printed circuit board (PCB) design, fabrication, and assembly activities, as well as in the provision of 
ICT services. 
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these direct and indirect indicators of ICT usage, ICT usage in the 1990s is considered to 
have been much higher than in the 1980s.  If this is the case, it is highly likely that the 
improved usage of ICT among manufacturing firms helped bring about higher 
productivity improvement in the 1990s as compared to the previous decade.  This thesis 
will try to analyze this aspect further in the following chapter. 
  
 2.3.2.2. ICT Usage in the Service Sector 
 
 Similar to the trend in the manufacturing sector, ICT investment by the service 
sector increased during the 1990s by an average annual rate of 14%.  With this rate of 
growth, by 1995 the investment was two times higher than in 1990.  By the year 2000, 
the ICT investment was more than three times the investment made in 1990.  Figure 2.7 
shows the expansion in ICT investment among firms in the service sector.  The sector 
spent RM 884 million (or US $233 million, with the exchange rate of US $1=RM 3.80) 
on ICT investment in 1990, and this increased to RM 3.428 billion (or US $902 million) 
in 2000.  This investment was further increased to RM 4.292 billion (or US $1.129 
billion) in 2002. 
 
 
Figure 2.7: Investment in ICT by the Service Sector, 1990-2002 
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Note: The compounded average growth rate during the 1990s was 14.0%.  For the 2000-2002 period, the 
average growth was 11.9%. 
(SOURCE:  The Economic Planning Unit of the Prime Minister’s Department, Malaysia.) 
 
 
 Unlike the manufacturing firms, there were no detailed surveys conducted on the 
service sector.  However, this increasing trend of ICT investment could imply that ICT 
usage in the service sector was also enhanced considerably in the 1990s as compared with 
the earlier decade.  In addition, judging from how closely related the service sector is to 
information processing and storage, its ICT usage is most likely to center on 
administrative and supportive functions.  If so, it follows that ICT usage is more likely to 
bring about effective results in the service sector than in the manufacturing sector.  
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Among the service sub-sectors, financial services were making the highest 
investment in ICT during the 1990s and after (Figure 2.8).  High investment by the 
banking sector in the 1990s was due to the continuous effort to upgrade computer 
networking, as well as to prepare for launching Internet banking services.  Part of the 
investment was also for addressing the “Y2K problem.”  
 
Figure 2.8: Investment in ICT by the Service Sub-Sectors, 1990-2002 
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Note:  Data refer to the purchase of computer hardware and software. 
(SOURCE:  The Economic Planning Unit of the Prime Minister’s Department, Malaysia.) 
 
In fact, the financial sector accounted for not only the highest, but also the earliest 
users of ITC; this tendency can be traced back to the 1960s.  During the early stages of 
ICT usage, computer systems were used to facilitate internal processes, such as 
accounting, payroll, and managing clients’ records.  With the advancement of network-
based technology, the financial sector again led the service sector in investing in ICT, 
exemplified by the rapid introduction of ATMs in the early 1980s.  On average, more 
than 100 ATMs were installed per year during the 1980s.  The early usage of ATMs was 
for cash withdrawals and balance inquiries.  In the 1990s, however, through mainly 
closed network ICT-based operations, they were used for transfer of funds between 
checking, savings, and credit card accounts, and for bill payments.  Most recently, ICT 
usage has been extended to making application payments for initial public offerings in 
the Kuala Lumpur Stock Exchange, and for making cash and check deposits.28   
                                                 
28 Some other improvements in ICT usage to facilitate payment systems were implemented in the late 
1980s and early 1990s.  For example, in 1989, daily inter-bank funds transfer and settlement was expedited 
with the implementation of a completely computerized online electronic inter-bank funds transfer system.  
The secondary market for bonds was sped up with the introduction of a script-less (or paper-less) securities 
trading system in January 1990.  These extended services could have made the labor productivity of this 
sector much higher in the 1990s as compared to the previous decade.  This technology application has 
further boosted the efficiency of the financial services sub-sector.  In the transportation sector, the 
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2.3.3 General Indicators of ICT Usage 
 
A general indication of ICT usage is reflected in the sales of ICT equipment.  
Table 2.8 shows that the growth rate in domestic sales of ICT equipment peaked in 1996 
to 30%.  Even after the economic slowdown in 1998, the sales have continued to have 
double-digit growth.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Commensurate with the trend in sales, other indirect indicators of ICT usage show 
a similar trend; the number of PCs installed, Internet subscribers, and Internet users have 
rapidly increased in the last five years, as indicated in Table 2.9. 
 
 
 
 
 
 
 
 
 
 
 
The government’s decision to open up the telecommunication sector to 
competition and foreign investment has facilitated the development of this sector.  A 
rapid expansion in coverage and a sharp reduction in fees and charges were made 
possible in a shorter span of time because the telecommunication companies tried to 
compete for larger market shares.  Some of the important milestones in the development 
and liberation of telecommunication services are summarized in the following footnote. 29   
                                                                                                                                                 
Electronic Data Interchange (EDI) was installed in the early 1990s to facilitate electronic submission of 
documentation for port clearance, to enable the tracking of consignment status and to standardize the use of 
trade documents and processes to expedite the movement of goods at ports. 
29 Some of the important milestones in the development and liberation of telecommunication services:  
• 1985 – Launching of the first cellular mobile network (the first among the Southeast Asian countries) 
Table 2.8: Malaysia's ICT Industry Sales 
 Sales (RM Million) Growth Rate (%) 
1995 3,800 26 
1996 4,940 30 
1997 4,940 9 
1998 1998 -10 
1999 5,230 8 
2000 5,910 13 
2001 6,501 10 
2002 7,151 10 
2003 8,010 12 
Note: This does not include computer equipment and components manufactured 
in the country mainly for export. 
(SOURCE:  The Association of Computer Industry Malaysia, PIKOM.) 
Table 2.9: Estimated Statistics for PCs and the Internet 
 PC's - Active Installed Units (‘000)  
Number of Internet 
Subscribers (‘000) 
Number of Internet 
Users (‘000) 
1998 1360 405 1215 
1999 1800 668 2004 
2000 2200 1669 4977 
2001 3000 2113 6345 
2002 3600 2614 7842 
2003 4200 2887 8661 
(SOURCE: The Malaysian Communications and Multimedia Commission.) 
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Table 2.10: Selected ICT Indicators, 2000-2003 
Indicator (Unit)  2000  2001  2002  2003 
Main Telephone Lines in Operation (’000)  4,628  4,710  4,670  4,600 
Main Telephone Lines Penetration Rate (%)  19.7   19.6 18.8  18.5 
% Households with a Telephone (Per 100 Households) 66.4  65.1  62.5  59.8 
Residential Main Lines (%)  73.3  72.2  71.7  70.5 
Public Payphones (’000)  149.3  124.7  120.5  116.6 
Mobile Phone Subscribers (’000)  5,122  7,477  9,245  11,400 
Mobile Phone Penetration Rate (%)  21.8  31.1  37.3  39.6 
ISDN (Number)  34,512 52,202 71,181  71,857 
ISDN B Channel Equivalents (Number)  69,024 104,404 142,362  143,714 
Satellite TV ASTRO Subscribers (Number)  561,350 799,588 1,001,398  1,125,069 
Personal Computers (Million Units Installed)  2.2  3.0  3.6  4.2 
Personal Computers Penetration Rate (%) 9.4 12.5 14.5 16.6 
Internet Subscribers - Dial-Up (Million)  1.669  2.113  2.614  2.887 
Internet Subscribers - Dial-Up Penetration Rate (%) 8.8 10.5 11.4 12.3 
Estimated Internet Users (Million)  4.977  6.345 7.842  8.661 
Estimated Internet Users Penetration Rate (%) 26.2 31.5 34.2 36.9 
(SOURCE: The Malaysian Communications and Multimedia Commission (MCMC) and The Economic 
Planning Unit of Malaysia.) 
 
 By early 2000, the number of mobile telephone subscribers surpassed that of main 
telephone users (Table 2.10).  This is one of the notable examples of positive network 
                                                                                                                                                 
• 1987 – Privatization of telecommunications services took place (the first among the ASEAN countries). 
• 1988 – The first Internet Service Provider (ISP) in Malaysia was founded (MIMOS). 
• 1989 –The second telephone operator, CELCOM, was launched (21% foreign owned). 
• 1993 – The third telephone operator, Maxis, was created (46% foreign owned). 
• 1994 –The fourth telephone operator, DIGI, was formed (33% foreign owned). 
• 1996 –The National IT Agenda (policy framework for ICT development) was launched and the 
Multimedia Super Corridor (MSC) was initiated to promote world class ICT hardware and software 
research and production, ICT related services, and usage.   
• 1997 – Enactment of the Digital Signature Act, Computer Crimes Act, and Telemedicine Act 
• 1998 – The Ministry of Multimedia and Communications and the Communication and Multimedia Act 
(CMA) were established to address the convergence of ICT by bringing broadcasting, 
telecommunications, computer networks, and content providers under one law.  The Malaysian 
Communications and Multimedia Commission (MCMC) was established as a new regulator. 
• 2000 – Broadband telecommunications, in the form of an asynchronous digital subscriber line (ADSL) 
service, was launched. Wireless access protocol (WAP) and general packet radio service (GRPS) were 
introduced. 
• 2001 – Short messaging service (SMS) was launched. 
• 2002 – The third generation (3G) network facilities providers were selected (based on the beauty 
contest principle). 
• 2003 – Roll-out of 3G networks began. 
These events show the path that has been taken by the Malaysian government in liberalizing 
telecommunication markets and modernizing the sector.  The privatization of telecommunication services 
and the opening of the telecommunication market for greater competition were the two notable factors 
responsible for bringing this sector to its present level of development.  The progress in the 
telecommunication-related services has contributed to the economy in various forms.  As the 
telecommunication-related businesses grew rapidly, they directly contributed to job creation in the 
economy and indirectly helped improve the standard of living in Malaysia through the provision of better 
services and infrastructure, which would not have been as robust if they had remained in the government’s 
domain.   
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externalities (when more people use a network, it will be valued more by prospective 
users).  Of course, this rapid expansion was enabled by the development of 
telecommunication infrastructure and services in the 1980s, and particularly in the 1990s.  
The tremendous growth in the number of PCs and Internet users also suggests that more 
people and businesses have appreciated ICT usage based on computers and related 
networks.   
 
 In many aspects, the efforts and ICT-related policy initiatives of the Malaysian 
government are considered to have been ahead of many other developing countries, as 
indicated in the assessment made by the ITU.30   In the next section, a comparison 
between ICT usage in Malaysia and other countries will be made.  
 
 
2.3.4 Comparison with Other Countries in Terms of General Indicators of ICT Usage 
 
So far, this chapter has focused on the trends in ICT utilization in Malaysia.  Now 
Malaysia will be compared with other countries with regard to Internet access and e-
commerce activities.  Knowing where Malaysia is in relation to its neighbors will assist 
the study in seeing how much Malaysia has progressed, and how much more it needs to 
achieve, as well as providing some comparative context in assessing the impact of ICT 
usage in Malaysia and its future prospects.  Based on 2000 data, Malaysia is above 
ASEAN and world averages in terms of ICT penetration rates, one of the indirect 
indicators for ICT usage.  Indeed, Malaysia’s penetration rate is 7.4 times higher than the 
ASEAN average, and 2.5 times higher than the world average Internet users penetration 
rate.  
 
 This kind of simple indicator, however, provides only anecdotal indications.  ICT 
usage and efforts toward it need to be assessed on a comprehensive basis, including both 
quantitative and qualitative data and information.  Unfortunately, there has been no 
consensus about the assessment method, but a variety of international organizations and 
                                                 
30 The regulatory environment for telecommunications in Malaysia also underwent a significant change 
with the enactment of the Communications and Multimedia Act 1998 (CMA).  The CMA seeks to provide 
a common set of regulatory provisions based on generic definitions of communications services. It contains 
ten national policy objectives, namely: 
• To establish a global center for communications and multimedia information and content services 
• To promote a civil society and enhancements to quality of work and life through ICT usage 
• To grow and nurture local information resources and cultural development through ICT 
• To regulate for the long-term benefit of the end-user 
• To promote a high level of consumer confidence in service delivery from the industry 
• To ensure provision of affordable services over ubiquitous national infrastructure 
• To create a robust application environment for end users 
• To facilitate the efficient allocation of resources 
• To promote the development capabilities and skills within Malaysia’s convergence industries 
• To ensure information security and network reliability and integrity  
The three underpinnings of the CMA are that it is pro-competition, technologically neutral, and aims to 
achieve universal service.  To carry out these policy and regulatory objectives, two institutions were created.  
The Ministry of Energy, Communications, and Multimedia (MECM) and The Malaysian Communications 
and Multimedia Commission (MCMC) were established in November 1998. 
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groups have tried to produce objective and comparable indicators with emphasis on the 
sophistication of ICT environments. 
 
 The pioneer in developing a comparable indicator was the Economist Intelligence 
Unit (EIU) in collaboration with IBM Corporation.  Its assessment is called the “e-
readiness index.”  The index measures the relative position of countries’ preparedness to 
benefit from e-commerce activities.  It measures the extent to which a country’s business 
environment is conducive to Internet-based commercial opportunities on a scale of 1 to 
10.  It is a concept that suggests that a higher level of readiness in terms of ICT usage will 
provide a better opportunity for an economy to further innovate and to gain benefits from 
the technology.31  For its 2003 e-readiness rankings of 60 countries, Sweden had the 
highest score (8.7).  Denmark, Finland, the Netherlands, the United Kingdom, and the 
United States had the same score (8.4).  Japan was ranked in 24th place with a score of 7.1, 
and Malaysia was in the 33rd position, receiving a score of 5.5.  With this ranking, 
Malaysia was ahead of all the developing nations in Asia. 
 
                                                 
31  The Economist Intelligence Unit Limited and IBM Corporation use nearly 100 quantitative and 
qualitative criteria organized into six distinct categories.  The six categories (and their weight in the model) 
and criteria are as follows: 
1. Connectivity and technology infrastructure (Weight in overall score: 25%) 
2. Business environment (Weight in overall score: 20%) 
3. Consumer and business adoption (Weight in overall score: 20%) 
4. Legal and policy environment (Weight in overall score: 15%) 
5. Social and cultural infrastructure (Weight in overall score: 15%) 
6. Supporting e-services (Weight in overall score: 5%) 
The thesis conducts a simple regression analysis between the EIU e-readiness index and the Internet 
penetration rates for eleven countries, including six ASEAN countries (Indonesia, Malaysia, Philippines, 
Singapore, Thailand, and Vietnam) and five East-Asian economies (China, Japan, Hong Kong, South 
Korea, and Taiwan).  The result suggests that a 10% increase in the penetration rate will bring about an 
improvement in the e-readiness score by 1.  The visual presentation of the result is shown in the following 
figure, where eleven countries’ e-readiness scores are regressed with their respective Internet penetration 
rates.  Malaysia is far ahead of the developing countries in the sample, but still behind the developed 
countries and the newly industrialized economies (NIEs). 
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 In November, 2003, the International Telecommunication Union (ITU) also 
produced its first global index to rank the ICT readiness of 178 economies, the digital 
access index (DAI).  The index includes the availability of infrastructure, educational 
level, affordability of access, quality of ICT services, and internet usage.  Based on this 
index, the ITU concluded that Malaysia ranked high, following some Scandinavian 
countries and some advanced countries, but by far surpassing the developing countries 
group.  In the context of emphasizing government initiatives in ICT-oriented economic 
development, Malaysia’s Multimedia Super Corridor (MSC) initiatives were also highly 
evaluated.32   
 
 The other assessment, “The Networked Readiness Index Ranking 2003,” 
developed by the World Economic Forum (WEF), ranked Malaysia 26th out of 102 
countries with a score of 4.19. 33  This rank again placed Malaysia in a leading position 
among all the developing countries.34   
 
 
 
 
 
 
 
 
 
 
                                                 
32 The ITU claims that its measurement of e-readiness is the most objective one compared with other 
organizations’ assessments because it considers only the quantitative data, while others add many 
qualitative aspects in their e-readiness indexes.  The ITU classifies countries into one of four digital access 
categories according to an index score from 0 to 1: high (1 to 0.7), upper (0.69-0.50), medium (0.49-0.30) 
and low (0.29-0).  Malaysia is ranked under the upper category, with a score of 0.57.  The highest is 
Sweden with 0.85, and the lowest is Niger with 0.04, while Japan scores 0.75.  In announcing the results of 
the survey, the ITU recognized that many countries have used ICT as a development enabler and 
government policies have helped them reach an impressive level of ICT access.  The ITU also recognized 
that the Multimedia Super Corridor (MSC) initiative helps to put Malaysia in the highest digital access 
index ranking among developing nations in Asia.  A brief on the status of MSC project is as follows. 
The Multimedia Super Corridor was created to accelerate Malaysia's entry into the “Information Age.”  It 
was launched on June 27, 1998.  The MSC has an area 15 kilometers by 50 kilometers.  It has a 20-year 
timeframe for full implementation in three planned phases: 
Phase I (1998-2003):  Implement seven flagship applications (1. E-Government; 2. the Multi-Purpose 
Card; 3. Smart School; 4. Telemedicine; 5. R&D Cluster; 6. the World-wide Manufacturing Web; 7. 
Borderless Marketing), create cyberlaws, and establish Cyberjaya and Putrajaya as intelligent cities.   The 
first phase has progressed as planned. 
Phase II (2004-2010): To link the MSC to other cybercities in Malaysia and around the world.  It will 
create a web of corridors and establish a second cluster of world-class companies.  
Phase III (2011-2020): It is expected that Malaysia will be transformed into a knowledge-based society 
with a cluster of intelligent cities linked to the global information super highway. 
Current Status: 1,125 MSC Status Companies (as of October 11, 2004), 1,074  MSC technology 
companies, 39 Institutions of higher learning with MSC Status, and 12 incubator companies. 
33 See http://www.weforum.org/gcr2003. 
34 The United States has the highest score of 5.50, Japan scores 4.80 in 12th place, and Chad has the lowest 
score of 2.09.   
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 ‘E-readiness’ assessment tools have also been developed by many organizations 
(such as APEC, UNDP, The World Bank, etc.) to gauge how ready an economy is to 
benefit from ICT.  For the sake of providing a broad comparison, this study quoted only 
three examples of comparative assessments of e-readiness.  In summary, they basically 
put Malaysia ahead of all the developing countries, which suggests that Malaysia has 
progressed a great deal in promoting ICT usage in the economy.  
 
 This progress in ICT usage is expected to help improve the productivity of the 
Malaysian economy, which ultimately is expected to bring about economic growth.  
Chapter 3 will analyze this proposition in the context of sector-specific analysis, while 
Chapter 4 will analyze it in the context of the whole economy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Chapter 2: Review of Literature 
------------------------------------------------------------------------------------------------------------ 
 59
 
2.4. Summary 
 
 This chapter intended to have a comprehensive review of the literature on ICT 
usage and its economic impacts.  In terms of comprehensiveness and international 
comparison, the focus of section 2.2 of this chapter was on a series of OECD papers.  The 
experience of the OECD countries during the 1990s revealed that despite different 
positions in the business cycle, most countries underwent a marked increase in the rate of 
ICT investment.  An increase in ICT investment is considered an indirect indication of 
improved ICT usage in those countries, and the increased usage of ICT during the 1990s 
has been translated into improvements in productivity and economic growth in some 
OECD countries. 
 
 After the implosion of the IT bubble, subsequent cross-country research by the 
OECD confirmed that the on-going transformation has delivered continued productivity 
growth.  The implosion of the IT bubble just caused a temporary setback.  This 
development suggests that the impact of ICT usage remains a key factor for overall 
growth performance.  The aggregate productivity trends in TFP continue to point to 
structural improvements in productivity growth in certain OECD countries, notably in the 
United States, Australia, and Canada.   
 
 Based on the literature review in section 2.3 of this chapter, the nature of the 
Malaysian economy and ICT usage are analyzed.  The Malaysian economy has been 
dominated by the manufacturing and service sectors since the mid-1980s, and those 
sectors have also been the main users of ICT.  Improvement in ICT usage in Malaysia is 
observed in the 1990s, particularly in these two sectors.  
 
 Apart from the efforts of the business sector, the government has also played an 
important role in promoting ICT usage by implementing a number of major initiatives 
under the MSC project.  Privatization and liberalization of the telecommunication sector 
have further hastened the ICT-related infrastructure development, resulting in improved 
ICT usage.  
 
 Recognizing the efforts by the private sector and the government, international 
organizations and groups (such as the ITU, EIU, and WEF) ranked Malaysia ahead of 
developing countries in Asia in promoting ICT usage, suggesting that the Malaysian 
economy has benefited from improved ICT usage and is in a position to improve further. 
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ICT USAGE IN MALAYSIA: 
A STUDY ON ITS ECONOMIC IMPACT 
 
CHAPTER 3 
 SECTOR-SPECIFIC ANALYSIS AND RESULTS 
 
3.1. Introduction 
 
This chapter intends to assess whether ICT usage improved productivity in the 
major sectors of the Malaysian economy as experienced by the OECD countries during 
the 1990s.  As elaborated upon in Chapter 2, ICT usage among firms in Malaysia has 
been stimulated by the inflow of foreign investments.1  ICT usage became prevalent in 
the 1990s when more local firms invested in ICT to improve the business processes of the 
manufacturing and service sectors.  Within the manufacturing sector, ICT-related firms 
have been the most intensive ICT users, and within the service sector, the financial 
services have been dominant.  The increased ICT usage seems to have benefited these 
two sectors through productivity gains, which in turn helped accelerate Malaysian 
economic growth in the 1990s.2  
 
To examine productivity improvement in the manufacturing sector, this paper 
compares the sector’s productivity in the 1990s with the 1980s.  If improved productivity 
is obvious it might have been due to the positive effect of increased ICT usage.  In 
addition, since ICT usage by ICT-related firms was more intensive than in the rest of the 
manufacturing sector, this thesis will also analyze whether ICT-related firms had higher 
productivity than the rest of the manufacturing sector.   
 
To examine the productivity of the service sector, this thesis will have a different 
approach due to the limited data.3  Instead of comparing the 1990s with the 1980s, the 
thesis will compare the productivity in the 1990s with the productivity after the 1990s.  
The study will examine whether the productivity in the years from 2000 to 2003 was 
better than in the 1990s, since ICT usage among firms in the service sector in the most 
recent years was much higher compared to the 1990s.  In addition, since ICT usage 
among the financial services sub-sector was more prevalent than in the rest of the service 
sector, this thesis will also analyze whether the productivity of the financial services sub-
                                                          
1 Electronic and electrical (E&E) production started with investment by Intel in 1972, followed by 
Matsushita, Motorola, and other multinational companies.  Intel’s investment in Malaysia in 1972 was its 
first investment outside the US.  By the end of 1976, E&E production was recorded to have contributed just 
0.8% of the total manufacturing output and employed 1.1% of the labor force in the manufacturing sector.  
In 1981, it contributed 21.8% of output and 28.2% of employment.  By 2000, its contribution to 
manufacturing output increased to 53.5% and it employed 46.4% of the labor force in the manufacturing 
sector. 
2 As pointed out in Chapter 1, such other factors as favorable economic conditions and level of education 
among the workforce may have also contributed to productivity improvements.  
3 Detailed production and labor data for all sub-sectors (such as the transport sub-sector, financial sub-
sector, utilities sub-sector, etc.) are only available from the year 1993 onwards. 
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sector was higher than the productivity for the rest of the service sector during the period 
between 1993 and 2003.   
 
The first OECD paper reviewed in Chapter 2 analyzed the contribution of ICT 
investment to economic growth in OECD countries.  This chapter begins with a similar 
analysis in the context of the Malaysian economy.4 The OECD uses the terms “ICT 
investment,” “ICT capital,” “ICT capital input,” “ICT capital stock,” and “ICT capital 
services” interchangeably, where ICT investment (or ICT capital input) is treated as part 
of capital K and noted as KC.  KC constitutes three ICT components: IT equipment, 
software, and communications equipment.  The rate of change in KC is a weighted 
average of the rates of change of its three components.5   
 
For the Malaysian economy, the share of ICT investment in the total investment 
increased from 3.89% in 1990 to 9.07% in 2003 with 6.35% average share in total 
investment for that period. Based on 56.0% average share of capital input in factor 
payments (θΚ)  as estimated by NPC, then the average θKC for that period is 3.56% (i.e. 
6.35% x 56.0%). The average growth of ICT investment (UKC / KC) was 15.55%, as 
shown in Table 3.1.  Therefore, the average percentage point contribution of ICT 
investment to GDP growth is estimated at 0.55% (That is based on 3.56% average share 
in total investment (θKC) and 15.55% average growth of ICT investment (UKC / KC).  
Multiplying these two numbers will result in 0.55%).  This calculation provides a rough 
indication of the direct contribution of ICT investment to economic growth.  With the 
increased trend in ICT investment, it is expected that its contribution to the growth of 
                                                          
4 In the first OECD paper reviewed in Chapter 2, the direct contribution of ICT investment to output growth 
is measured by using a modified growth accounting framework (refer note 9 in Appendix 1.1).  The OECD 
paper used a simplified version of Hick’s neutral growth accounting framework to compute the percentage 
point contribution of ICT investment to GDP growth.  Investment is separated into two portions, ICT 
investment and non-ICT investment.  The share of ICT investment in the total investment is multiplied by 
the share of capital investment in factor payments, and is multiplied again with the growth rate of ICT 
investment.  This computation reflects the supply side of the economy.  It is also possible to measure the 
direct contribution of ICT investment to economic growth by using the demand side of GDP computation.  
Recall the explanation in section 1.3.2 of Chapter 1, in which the supply side and the demand side 
equations of the economy can be shown as follows:  
Supply of output  =       YSt  = F(Kt, Lt, Tt) 
Demand for output  =       YDt = Ct + It + Gt + Xt - Mt  
The output produced by the supply side is sold to the demand side of the economy for household use 
(consumption Ct), enterprise use (investment It), and governmental use (public sector purchases Gt).  In the 
open economy, part of the production is exported (exports Xt) and is sourced from outside the economy 
(imports Mt).  By measuring the share of each component in the demand side and their respective growth 
rates, the percentage point contribution to output growth can also be estimated.   
5 Thus, equation (3) in Chapter 1 is modified to allow for KC and KN, as follows: 
 
UY   =    θKC     UKC     + θKN    UKN + θL   UL   +    UT   
 Y            KC            KN             L         T 
where, θKC , θKN , and  θL  are the elasticities of production of ICT capital, non-ICT capital and labor, 
respectively.  For a cost-minimizing firm and under competitive conditions in factor markets, θKC, θKN , and  
θL  correspond to cost shares of the different factors of production.  Under constant returns to scale, total 
cost equals total revenue, cost share equals income share, and sum equals unity. With the assumption of 
Hicks-neutral technology (inputs augmenting) UT/T is assumed to have already embedded in inputs K and 
L. 
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GDP will be larger in the coming years, not only through its multiplier effect, but also its 
spill-over effects.6 
 
While acknowledging the direct contribution of ICT investment to economic 
growth, this thesis is more concerned with whether investment in ICT has prompted 
improvement in the productivity of the economy.  This has also been the focus of the 
most recent OECD studies.   
 
Table 3.1: Contribution of ICT Investment* 
 1990 1995 2000 2003
 Value (RM Million) 
Investment in Hardware and Software  1300 3800 5910 8010
Investment in ICT Services 229 694 1043 2003
Total Investment in ICT 1529 4494 6953 10013
 Value (RM Million) 
GDP  119081 222473 340706 385800
Total Investment 39348 96967 87729 110339
Private Sector Investment 17035 39414 47321 62314
 Share (%) 
Share of ICT Investment in GDP 1.28 2.02 2.04 2.60
Share of ICT Investment in Total Investment 3.89 4.63 7.93 9.07
Share of ICT Investment in Private Sector Investment 8.98 11.40 14.69 16.07
Average Share of ICT Investment in Total Investment (1990-2003) 6.35 
Average Share of Capital Input (Investment) in Factor Payments (1990-2003) 56.0 
Average Share of ICT Investment in Factor Payments (1990-2003) 3.56 
 Growth (%) 
Compounded Average GDP Growth Rate (1990-2003) 9.46 
Compounded Average Investment Growth Rate (1990-2003) 8.25 
Compounded Average ICT Investment Growth Rate (1990-2003) 15.55 
#Average Percentage Point Contribution of ICT Investment to GDP Growth Rate (1990-2003) 0.55 
Note: 
*The last input-output table issued by the Malaysian authority was for 1991. The input-output table is useful for 
estimating the potential (latent) economic growth rate, the inducement coefficient or multiplier from ICT investment, 
and labor productivity.  Due to this paucity of data, the study has had to find alternative means. This study uses data on 
ICT investment from various sources, which are limited to five-year intervals.  Investment data are based on gross fixed 
capital formation.  For a rough comparison with OECD countries, Tables 2.1 and 2.2 in Chapter 2 provide some 
indications. 
#Footnote 5 explains the formula used for this computation.  
(SOURCE: Author’s computation based on data from the Statistics Department on Malaysia, PIKOM, NPC, and EPU.)
 
3.2. Impact of ICT Usage on the Productivity of the Main Economic 
Sector 
 
 Productivity improvement can be measured by several approaches.  This section 
focuses on the productivity issues in the Malaysian manufacturing and services sectors.  
Sub-section 3.2.1 will measure the productivity of the manufacturing sector during the 
                                                          
6 In the labor market, the demand for ICT professionals and workers also increased at the annual rate of 
10% during the 1995 to 2001 period. 
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period between 1980 and 2000 by using four statistical approaches: labor productivity, 
regression analysis for marginal output of labor, regression analysis for marginal output 
of capital, and the total factor productivity of the manufacturing sector. 
 
 Section 3.2.2 will analyze the difference between the labor productivity of the 
ICT-manufacturing sub-sector and the rest of the manufacturing sector for the period 
between 1980 and 2003.  Section 3.2.3 will compare the labor productivity of the service 
sector for different timeframes (1993-2000 and 2000-2003).  Section 3.2.4 will compare 
the productivity of the financial services sub-sector and the rest of the service sector for 
the period between 1980 and 2003.  
 
3.2.1 Analysis of the Productivity of the Whole Manufacturing Sector in Different 
Timeframes 
  
 ICT investment by the manufacturing sector increased 31% annually during the 
1990s.  This is considered to have pushed up the degree of ICT usage accordingly among 
firms, as discussed in detail in the previous chapter.   
  
 During the 1990s, increased ICT usage was most likely to improve productivity in 
the manufacturing sector.  If labor productivity during the 1990s showed considerable 
improvement compared with the earlier decade, it may give an indication of the possible 
impact of ICT usage on productivity.  
  
 Based on data provided by the Malaysian Department of Statistics, this paper will 
measure the relative productivity improvements in the manufacturing sector over the 
relevant periods.  In this first approach, four statistical analyses will be used in order to 
provide the necessary depth in understanding of the nature of productivity improvements 
in this sector.  The first two will measure labor productivity and the last two will measure 
capital productivity and total factor productivity (TFP).  In order to measure labor 
productivity, first this paper will assess the level and the growth of output per labor over 
the 20-year period.  Second, the regression coefficients of output and labor for the 1990s 
will be compared with the 1980s.  Third, for capital input, the study will conduct a 
regression analysis to measure the marginal output of capital for the 1990s and 1980s.  
Fourth, in order to measure TFP, the study will use the growth accounting framework.  
 
 3.2.1.1. Labor Productivity 
 
 3.2.1.1.1 The Trend in Level of Output per Labor 
 
 The most basic measurement of productivity is based on the ratio of input to 
output.  Input is often expressed in terms of labor input and capital input.  In the first 
approach, labor productivity is assessed based on the 20-year data on output per labor.  
This approach implicitly assumes that production determinants other than labor input are 
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ceteris paribus, i.e., they remain unchanged.7  In reality many factors affect production, 
but in order to understand the basic components of productivity measurement, the 
approach is simplified as much as possible.  The study will consider some other factors in 
the appropriate sections and sub-sections later.  
 
 Figure 3.1 shows an upward trend in the productivity curve (level of output per 
labor).  This trend suggests that productivity of labor in the manufacturing sector 
improved over the years, and its pace appears to have accelerated in the 1990s.  
 
 To make the comparison clearer, labor productivity improvement could also be 
indexed by comparing the output per labor in 1981 with that of consecutive years.  This 
indexation is summarized in Table 3.2.  As the table shows, the labor productivity in the 
manufacturing sector in 2000 was more than four times that of 1981.  With more capital 
equipment per labor and technological progress during the 1990s, it may sound natural to 
expect an accelerated labor productivity improvement.  Even so, ICT usage in the 
manufacturing sector is one of the most likely factors that helped improve labor 
productivity because ICT was the most representative element that was embedded in such 
capital investment and technological progress during the period.   
 
 
Figure 3.1: Labor Productivity in the Manufacturing Sector:  
Level of Output per Labor 
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 (SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
                                                          
7 Determinants other than labor input, such as change in technology, capital investment, and supply chain, 
can also affect the production of output.  In this very basic model of measuring labor productivity, these 
factors are assumed to remain unchanged.  
                                                                  Chapter 3: Sector-Specific Analysis and Results 
------------------------------------------------------------------------------------------------------------ 
 65
 
Table 3.2: Labor Productivity in the Manufacturing Sector: 
Relative Level of Output per Labor, 1981 as a Base-Year 
 1981 1985 1990 1995 2000 2003 
Output per Labor (RM’000) 62.99 91.87 111.13 174.15 273.81 363.48 
Output per Labor (Index: 1981=100) 100 146 176 276 435 576 
(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
 
 3.2.1.1.2 Growth of Output per Labor 
 
 Two supportive calculations to measure growth trends are presented here; one is 
assessing the moving average, and the other is computing the compounded average 
growth rate (CAGR).  The results of the five-year moving average assessment of annual 
growth in output per labor are shown in Figure 3.2, indicating that the growth in labor 
productivity accelerated in the 1990s compared with the 1980s. 
 
 
Figure 3.2: Labor Productivity in the Manufacturing Sector:  
Five-Year Moving Average Growth of Output per Labor 
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(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
 
 The compounded average growth rate (CAGR) for consecutive timeframes also 
shows how fast labor productivity has improved over the period.8  Table 3.3 shows that 
there was an average acceleration of almost 3% in productivity growth during the 1990s 
as compared with the 1980s.   
 
 
                                                          
8 The CAGR can be computed as follows:   
(Qn /Qt)1/n      _   1  =   CAGR 
where Qn is the output per labor in the n year, and Qt is the output per labor in the base year. 
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Table 3.3: Labor Productivity in the Manufacturing Sector: 
The Compounded Average Growth Rate (CAGR) of Output per Labor 
 1981-1990 1990-1995 1995-2000 2000-2003 
CAGR for Output per Labor (%) 6.8 9.4 9.5 9.9 
(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
 
 
 3.2.1.2. Regression Analysis to Determine the Marginal Output of Labor 
 
 From the same set of data, improvement in labor productivity can also be assessed 
by measuring the marginal output of labor.  With better technology application, the 
marginal output of labor in the 1990s could be higher than in the 1980s.  The marginal 
output of labor can be estimated by assessing the coefficient of the linear regression 
analysis on the output data (dependent variable) and labor data (independent variable).9  
The equation for this linear model is:10 
 
Y = b0 + (b1)L.          (2) 
 
Y is output, b0 is a constant value, and b1 is the regression coefficient of labor input L.  
The coefficient b1 measures how much output increases when one additional unit of labor 
input is employed.11  
  
 The results based on the data for the 1980s and 1990s are summarized in Table 
3.4.  The values of b1 are shown in the third column from the right of the table.  The 
value for the 1981-1990 period is 154.239, indicating that one additional labor produces 
RM 154,239 worth of marginal output per year during that period.  The marginal output 
of labor in the 1990s is RM 437,452, which is 2.8 times higher than in the results for the 
1980s.  These results are shown in a simplified, two-dimensional chart in Figure 3.3.  
Since the marginal output of labor in the 1990s is 2.8 times higher than the results for the 
1980s, the slope of the curve is also 2.8 times steeper than for the 1980s.  In other words, 
on average, each labor produces 2.8 times more output per year in the 1990s compared 
with the 1980s. 
 
                                                          
9 In the SPSS version 11, apart from linear relationship, there are ten other ways to estimate the curve, such 
as logarithmic, quadratic, exponential, and so on.  From the scatter plot, the data show some characteristics 
of linear relationship rather than other forms of relationships.  Therefore, it is sufficient for this study to 
measure the curve in linear form. 
10 This is also a formula for linear curve estimation provided in the SPSS.  
11 In a two-dimensional diagram, b0 is the Y-axis intercept and b1 is the slope of the regression curve. 
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Figure 3.3: Labor Productivity in the Manufacturing Sector:  
Marginal Output of Labor 
 
 
 (SOURCE: Table 3.4.) 
 
Table 3.4: Labor Productivity in the Manufacturing Sector: 
Regression Analysis on the Marginal Output of Labor 
Regression Coefficients Model Summary Y-axis Intercept Slope of the Linear CurveTimeframe 
R   R2 Adj.R2 F b0 t stat Sig. b1 t stat Sig. 
(1) 1981-1990 0.912 0.831 0.810 39.4 -3.4E+07 -2.4 0.000 154.239 6.3 0.000
(2) 1990-2000 0.915 0.837 0.817 41.1 -3.1E+08 -3.6 0.007 437.452 6.4 0.000
Note: 
R is the correlation between the observed and predicted values of the dependent variable.  The values of R range 
from 0 to 1.  Larger values of R indicate stronger relationships. 
R2 (R squared) is the proportion of variation in the dependent variable explained by the regression model.  The 
values of R squared range from 0 to 1.  High values indicate that the model fits the data well.  
The sample R squared tends to optimistically estimate how well the model fits the population.  Adj. R2 (Adjusted R 
squared) attempts to correct R squared to more closely reflect the fit of the model in the population. 
F statistics is the result of an analysis of variance (ANOVA).  High F statistics indicates that the independent 
variable accounts for most of variation in the dependent variable. 
E+07 = 10 million.  Hence, b0 for 1981-1990 =-3.4(10 million) = -34,000,000.   
E+08 = 100 million.  Hence, b0 for 1990-2000 =-3.1(100 million) = -310,000,000.   
b1 for 1981-1990 =154.2 = RM 154,000.  On average, one additional labor produces RM 154,000 worth of output 
per year. 
b1 for 1981-1990 =437.5 = RM 437.000.  On average, one additional labor produces RM 437,000 worth of output 
per year. 
t stat  (t statistics) determines the relative importance of each variable in the model.  As a guide, if t values well 
below -2 or above +2, the variables are regarded as useful predictors. 
If the Sig. (Significance value) is small (smaller than, say, 0.05) then the independent variables do a good job in 
explaining the variation in the dependent variable, since the probability of results due to random error is less than 
5 in 100. 
(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
1 Labor 
RM 154,234 Worth 
of Output 
2.8 Times  
More Output 
1 Labor
1980s 
1990s 
Output 
Labor 
                                                                  Chapter 3: Sector-Specific Analysis and Results 
------------------------------------------------------------------------------------------------------------ 
 68
 This result reinforces the argument for accelerated productivity improvement in 
the manufacturing sector in the 1990s, implying that ICT usage was one of the most 
likely factors that helped improve labor productivity.   
 
 3.2.1.3. Regression Analysis to Determine the Marginal Output of Capital per 
 Labor 
 
 The third statistical calculation is the measurement of capital input productivity.  
For an economy to have steady growth (the so-called steady-state of economic growth), 
its capital has to grow to a certain level to match the rate of depreciation in capital input 
and the growth in labor force.  Capital inputs tend to depreciate in value due to wear and 
tear.  These inputs have to be replaced or refurbished in order to maintain the same level 
of efficiency.  Similarly, to maintain the same level of labor productivity, employing 
more labor input requires more investment in equipment.  Otherwise, the additional labor 
will be idle or will lead to overcrowding in using the same equipment.   
 
 When new investment grows more than is needed to cover depreciation in capital 
and growth in labor input, it leads to a situation in which each labor handles more capital, 
indicating a deeper usage of capital in producing inputs, better known as “capital 
deepening.”  Indirectly, capital deepening may reflect a higher usage of technology, 
because part of new investment is for acquiring new equipment that is embedded with 
new technology, such as ICT-related technologies.  
 
 There was a strong indication of capital deepening in the manufacturing sector in 
Malaysia in the 1990s; on average, the capital input grew 10% higher annually than the 
growth (3% annually) in labor input in the 1990s.  
 
 The earlier computation in this section shows marked improvement in the labor 
productivity of the manufacturing sector.  To further enhance these findings, the 
productivity of capital input will also be assessed.  For this purpose, the paper regresses 
the output per labor as a dependent variable, and capital input per labor as an independent 
variable.  The equation for this model is: 
 
y = b0 + (b1)l.           (2) 
 
y is output per labor (Y/L), b0 is a constant value, and b1 is the regression coefficient of 
capital input per labor (l=K/L).  The coefficient b1 measures how much output increases 
when one additional unit of capital input is invested.  
 
 Two sets of regression analyses are conducted; one is for the period of the 1980s, 
and the other is for the 1990s.  This approach allows us to compare the regression 
coefficient, or b1, for the two periods.  A higher b1 value indicates one unit of capital 
investment per labor produced more output per labor.  Results from the computation are 
summarized in Table 3.5.  
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 The table shows that the b1 value for the 1990s is 2.246, about 1.98 times higher 
than that of the 1980s.  That is, one ringgit of investment per employee produced RM 
2.246 worth of marginal output during the 1990s, whereas it was RM 1.319 during the 
1980s.  To put it another way, the capital productivity during the 1990s was almost two 
times higher than during the 1980s.  Like the marginal approach in section 3.2.1.2, the 
results of the above calculation are depicted in a simplified manner in Figure 3.4. 
 
 As discussed in detail in section 2.3 of Chapter 2, both the high share of ICT 
investment in total investment, and the growing extent and intensity of ICT usage in the 
Malaysian economy suggest strongly that the capital deepening during the 1990s enabled 
ICT to be embedded, which was most likely to produce a positive impact from ICT usage 
in the Malaysian economy. 
 
 
Figure 3.4: Labor Productivity in the Manufacturing Sector:  
Marginal Output of Capital per Labor 
 
   (SOURCE: Table 3.5.) 
 
 
 
Table 3.5: Capital Productivity in the Manufacturing Sector: 
Regression Analysis of the Marginal Output of Capital per Labor 
Regression Coefficients Model Summary Y-Axis Intercept Slope of the Linear CurveTimeframe 
R   R2 Adj.R2 F b0 t stat Sig. b1 t stat Sig. 
(1) 1981-1990 0.808 0.654 0.610 15.1 35.7 2.353 0.046 1.319 3.9 0.005
(2) 1990-2000 0.985 0.971 0.967 265.7 -9.5 -0.788 0.007 2.246 16.3 0.000
Note: 
Refer to notes for Table 3.3 for descriptions of  R, R2, Adj. R2, F, t-stat., and Sig. 
b1 for 1981-1990 =1.319 = RM 1.319.  On average, one dollar of additional capital per labor produced RM 1,319 
worth of output. 
b1 for 1981-1990 = 2.246 = RM 2.246.  On average, one dollar of additional capital per labor produced RM 2.246 
worth of output. 
(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
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 3.2.1.4. Total Factor Productivity of the Manufacturing Sector 
 
 The fourth statistical calculation focuses on the development in the total factor 
productivity in the Malaysian manufacturing sector by using a growth accounting 
framework.  Application of a growth accounting framework is widely used for 
macroeconomic analysis of total factor productivity.  It can also be extended to measure 
the total factor productivity of economic sectors.  In this thesis, the total factor 
productivity of the manufacturing sector in the 1980s and 1990s will be measured and 
compared.  By using this statistical approach, discussed in section 1.3.2 of Chapter 1, the 
composition of output growth can be segregated into three parts: contribution from labor 
input growth, contribution from capital input accumulation, and contribution from other 
factors, in particular technology improvement (TFP).  In brief, the model can be 
summarized as: 
 
Output Growth = TFP Growth + Weighted Growth in Factor Inputs  
 
TFP Growth  = Output Growth – ([Share of Capital Input]  x  [Growth  
    in Capital Input]) – ([Share of Labor Input]  x [Growth 
    in Labor Input]) 
 
As a mathematical equation, it is noted as: 
 
UT  =  UY  -  θK  UK  -   θL  UL       (3) 
  T          Y                K                L 
 
 The results are shown in Table 3.6.  Though somewhat zigzag, on the whole, the 
manufacturing sector TFP growth in the last two decades appears to be having an 
increasing trend, which is more clearly presented in Figure 3.5.  Average TFP growth in 
the 1990s was 4.1%, much higher than the average 1.0% growth in the 1980s.  The 
difference of 3% between the two periods is difficult to explain with traditional economic 
analysis.  With emphasis on the contribution of ICT usage, the argument developed by 
the OECD (section 2.2.2. in Chapter 2) could apply to the Malaysian economy, because 
the nature of the most recent investment in Malaysia and OECD countries has become 
more similar.  If so, the contribution (22%) of ICT usage to manufacturing output growth 
during the 1990s could account for a major part of the increase in TFP over the same 
period (Table 3.7). 
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Table 3.6: TFP Growth of the Manufacturing Sector 
    Growth   Share in Output of Contribution to Growth 
  Real Capital Labor Capital Labor in Real GDP of 
Year Output Stock       Capital Labor  TFP 
1982 2.84 11.46 -9.98 58.0 42.0 6.645 -4.193 0.390 
1983 10.63 35.74 -5.33 57.0 43.0 20.373 -2.291 -7.454 
1984 11.53 15.24 1.17 59.0 41.0 8.994 0.482 2.054 
1985 -1.45 17.51 -4.55 54.0 46.0 9.455 -2.092 -8.811 
1986 -6.93 -0.01 0.56 54.0 46.0 -0.006 0.257 -7.181 
1987 19.50 7.71 8.11 55.0 45.0 4.241 3.651 11.609 
1988 25.59 7.47 15.61 51.0 49.0 3.808 7.647 14.137 
1989 23.94 12.35 16.62 51.0 49.0 6.300 8.144 9.493 
1990 18.58 27.52 21.01 52.0 48.0 14.311 10.086 -5.819 
1991 25.55 29.55 15.65 53.0 47.0 15.663 7.356 2.535 
1992 11.51 22.77 5.85 53.0 47.0 12.068 2.749 -3.302 
1993 16.82 19.58 11.30 54.0 46.0 10.573 5.199 1.046 
1994 25.65 19.76 6.47 55.0 45.0 10.869 2.910 11.874 
1995 25.40 22.25 13.39 55.0 45.0 12.237 6.023 7.137 
1996 10.74 14.26 4.27 45.0 55.0 6.417 2.349 1.972 
1997 8.66 13.32 -2.58 54.0 46.0 7.190 -1.185 2.659 
1999 21.63 12.53 -3.77 59.0 41.0 7.395 -1.547 15.780 
2000 21.75 14.04 15.95 59.0 41.0 8.283 6.539 6.932 
2001 8.02 8.31 5.11 54.0 46.0 4.487 2.351 1.182 
2002 11.33 10.46 6.33 55.0 45.9 5.753 2.849 2.729 
2003 17.16 11.32 7.42 58.0 42.0 6.566 3.116 7.478 
Note: The Malaysian Department of Statistics did not collect detailed manufacturing data in 1998. 
(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.)  
 
 
 
Table 3.7: Composition of Manufacturing Sector Output Growth 
Contribution to Output Growth of the Manufacturing Sector from: 
Period 
Average 
Output 
Growth Capital Labor TFP 
1980s 11.6% 59% 24% 17% 
1990s 18.6% 56% 22% 22% 
 (SOURCE: Table 3.6.) 
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Figure 3.5: TFP Growth of the Manufacturing Sector:  
Annual Growth and Five-Year Moving Average 
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 (SOURCE: Table 3.6.) 
 
3.2.2 Analysis of the Productivity of ICT Intensive Users and Less Intensive Users in 
the Manufacturing Sector 
 
 Among the manufacturing sub-sectors, ICT-related manufacturing firms were the 
highest and the most intensive users of ICT equipment in their business processes, hence 
their productivity could be higher than the rest of the manufacturing sector.  This section 
will compare the productivity of ICT-related manufacturing with the rest of the 
manufacturing sector during the 20-year period between 1981 and 2000. In this 
comparison, the ICT-related manufacturing sub-sector is represented by electronic and 
electrical (E&E) production.12  More analysis on the productivity of this specific ICT 
sub-sector is provided in Appendix 3.1. 
 
 3.2.2.1. Measuring Labor Productivity 
 
 3.2.2.1.1 The Trend in Output per Labor 
 
 Table 3.8 shows the output for each sub-sector for the period between 1981 and 
2003.  In 1981, the E&E sub-sector was the third largest contributor after the food 
manufacturing, beverage, and tobacco products (FBT) sub-sector, and the chemical, 
petroleum products, crude oil refineries, rubber and plastic products (CRP) sub-sector.  
By 2000, the E&E sub-sector had become the largest contributor.  This is illustrated in 
Figure 3.6. 
 
                                                          
12 Under the Malaysian Standard Industrial Code, the manufacturing sector is divided into nine sub-sectors, 
as listed in Table 3.8.  Data for electronics and electrical (E&E) production are recorded under code 38.  
This section will compare the labor productivity during the twenty-year period for the E&E sub-sector as 
compared with the other sub-sectors.   
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Table 3.8: Output by Each Manufacturing Sub-Sector  
1981 1985 1990 1995 2000 2003 Code 
Value (RM '000) 
31(FBT) 10744981 13627041 17896868 36940171 54255082 75358622 
32(TWA) 2107902 1966186 5333997 9489053 11027447 15275396 
33(WPF) 2894600 2389783 5813304 13882695 15757419 20876375 
34(PPP) 1183195 1339716 2808049 6726760 7522117 10183598 
35(CRP) 8954875 11923164 18870393 36810813 57403145 78413701 
36(PGM) 1439419 1798722 3136295 8053833 8412466 11711137 
37(ISM) 960750 2886583 5209875 11140759 12187742 15275396 
38(E&E) 7961052 9412008 35982651 122112047 193415695 280558112 
39(OMI) 206887 242690 762359 1767190 1408351 1527540 
1981 1985 1990 1995 2000 2003 Code 
Composition (%) 
31(FBT) 29.5 29.9 18.7 15.0 15.0 14.8 
32(TWA) 5.8 4.3 5.6 3.8 3.1 3.0 
33(WPF) 7.9 5.2 6.1 5.6 4.4 4.1 
34(PPP) 3.2 2.9 2.9 2.7 2.1 2.0 
35(CRP) 24.6 26.2 19.7 14.9 15.9 15.4 
36(PGM) 3.9 3.9 3.3 3.3 2.3 2.3 
37(ISM) 2.6 6.3 5.4 4.5 3.4 3.0 
38(E&E) 21.8 20.6 37.6 49.5 53.5 55.1 
39(OMI) 0.6 0.5 0.8 0.7 0.4 0.3 
Note: The description for each code: 
31(FBT)  Food manufacturing, beverage, and tobacco products 
32(TWA) Textiles and wearing apparel manufacturing 
33(WPF) Wood products and furniture manufacturing 
34(PPP)   Paper and paper products, printing and publishing industry 
35(CRP)  Chemical, petroleum products, crude oil refineries, rubber and plastic 
products 
36(PGM) Pottery, glass, and mineral products 
37(ISM)  Iron, steel, and non-ferrous metal basic industry 
38(E&E) Electronics and electrical appliances 
39(OMI) Other manufacturing industries 
(SOURCE: Computations are based on the data from the Statistics Department of 
Malaysia.)  
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Figure 3.6: Composition of Output by Each Manufacturing Sub-Sector  
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Note: The description for each code is similar to the description in Table 3.7. 
(SOURCE: Table 3.8.) 
 
Table 3.9 shows the labor data for each sub-sector, which is also illustrated in 
Figure 3.7.  The data show that the E&E sub-sector contributed 28% to employment in 
1981, which rose to 46.9% in 2003.  
 
Table 3.9: Labor by Each Manufacturing Sub-Sector 
1981 1985 1990 1995 2000 2003 Code 
Persons Employed  
31(FBT) 91789 72630 84796 117278 121711 148382 
32(TWA) 77528 60150 105823 129767 105018 122293 
33(WPF) 92934 63802 105965 189715 164006 197300 
34(PPP) 32598 27744 35923 57470 58850 68484 
35(CRP) 70861 62015 120178 182556 185690 221758 
36(PGM) 29843 27145 36619 51518 47932 55440 
37(ISM) 12375 13763 18576 30897 29945 34242 
38(E&E) 163187 140767 318528 609990 630213 764740 
39(OMI) 7567 8244 18325 20226 14811 17936 
1981 1985 1990 1995 2000 2003 Code 
Composition (%) 
31(FBT) 15.9 15.3 10.0 8.4 9.0 9.1 
32(TWA) 13.4 12.6 12.5 9.3 7.7 7.5 
33(WPF) 16.1 13.4 12.5 13.7 12.1 12.1 
34(PPP) 5.6 5.8 4.3 4.1 4.3 4.2 
35(CRP) 12.2 13.0 14.2 13.1 13.7 13.6 
36(PGM) 5.2 5.7 4.3 3.7 3.5 3.4 
37(ISM) 2.1 2.9 2.2 2.2 2.2 2.1 
38(E&E) 28.2 29.6 37.7 43.9 46.4 46.9 
39(OMI) 1.3 1.7 2.2 1.5 1.1 1.1 
Note: Refer Table 3.8 for descriptions for each code. 
(SOURCE: Computations are based on data from the Statistics Department of Malaysia.)  
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Figure 3.7: Composition of Labor by Each Manufacturing Sub-Sector 
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Note: The description for each code is similar to the description in table 3.8. 
(SOURCE: Table 3.9) 
 
Drawing upon the data from Tables 3.8 and 3.9, the labor productivity is shown in 
Table 3.10, which is illustrated in Figure 3.8 and 3.9.  As shown in Table 3.10, the E&E 
sub-sector was in fourth place in 1981.  In 2000, the sub-sector remained in the same 
position, but it showed the highest improvement in its labor productivity.  Sophisticated 
ICT usage in this sub-sector is considered to have been one of the most likely factors in 
helping to improve its labor productivity as compared with the other sub-sectors.13 
 
 
Table 3.10:Output per Labor by Each Manufacturing Sub-Sector 
 1981 1985 1990 1995 2000 2003 1981 1985 1990 1995 2000 2003
Code (RM ’000) Ratio to 1981 Output per Employee 
31(FBT) 117 188 211 315 446 508 1:1 1:1.6 1:1.8 1:2.7 1:3.8 1:4.34
32(TWA) 27 33 50 73 105 125 1:1 1:1.2 1:1.9 1:2.7 1:3.9 1:4.63
33(WPF) 31 37 55 73 96 106 1:1 1:1.2 1:1.8 1:2.3 1:3.1 1:3.41
34(PPP) 36 48 78 117 128 149 1:1 1:1.3 1:2.2 1:3.2 1:3.5 1:4.13
35(CRP) 126 192 157 202 309 354 1:1 1:1.5 1:1.2 1:1.6 1:2.4 1:2.81
36(PGM) 48 66 86 156 176 211 1:1 1:1.4 1:1.8 1:3.2 1:3.6 1:4.40
37(ISM) 78 210 280 361 407 446 1:1 1:2.7 1:3.6 1:4.6 1:5.2 1:5.72
38(E&E) 49 67 113 200 307 367 1:1 1:1.4 1:2.3 1:4.1 1:6.3 1:7.49
39(OMI) 27 29 42 87 95 85 1:1 1:1.1 1:1.5 1:3.2 1:3.5 1:3.15
(SOURCE: Computations are based on data from the Statistics Department of Malaysia.) 
 
 
 
 
 
 
                                                          
13 In Malaysia, food manufacturing, beverage, and tobacco products (FBT) have the highest output per 
labor, but the growth in labor productivity is highest in electronics and electrical products (E&E). 
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Figure 3.8: Composition of Output per Labor  
by Each Manufacturing Sub-Sector 
0%
20%
40%
60%
80%
100%
1981 1985 1990 1995 2000 2003
39(OMI)
38(E&E)
37(ISM)
36(PGM)
35(CRP)
34(PPP)
33(WPF)
32(TWA)
31(FBT)
 
(SOURCE: Table 3.10.) 
 
 
Figure 3.9: Output per Labor by Each Manufacturing Sub-Sector 
 
 
(SOURCE: Table 3.9.) 
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 3.2.2.1.2 Growth of Output per Labor 
 
Here the compounded average growth rate for each of the sub-sectors is compared.  
The results suggest that the labor productivity improvement for the E&E sub-sector was 
faster than the other sub-sectors, increasing from 9.73% in the 1980s to 10.51% in the 
1990s, as shown in Table 3.11.  
 
3.2.3 Analysis of the Productivity of the Whole Service Sector in Different 
Timeframes 
 
For the service sector, this section uses three approaches to verify the impact of 
ICT usage.  First, the study assesses the basic labor productivity for the whole service 
sector over a ten-year period, from 1993 to 2003.  Second, by using regression analysis, 
this section compares the labor productivity of financial services with that of the rest of 
the service sector for the same ten-year period.  Third, this section calculates and 
compares the growth in value added output of the service sub-sectors and their relative 
contributions to the growth of the overall service sector for the same ten-year period.14   
 
                                                          
14 See Appendix 1.1 for the definition of “value added.”  The study computes the marginal value added 
output of labor for the financial services sub-sector and compares it with the rest of the service sector.  Due 
to limited data, the marginal output of capital is not computed.  Detailed data before 1993 are also not 
available.  
Table 3.11: Compounded Average Growth Rate (CAGR)  
of Output per Labor  
Code Sub-Sector 1981~1990 1990~2000 
31(FBT) 
Food Manufacturing, Beverage, and 
Tobacco Products 6.77 7.77 
32(TWA) 
Textiles and Wearing Apparel 
Manufacturing 7.09 7.70 
33(WPF) 
Wood Products and Furniture 
Manufacturing 6.58 5.73 
34(PPP) 
Paper and Paper Products, Printing and 
Publishing Industry 8.97 5.08 
35(CRP) 
Chemical, Petroleum Products, Crude 
Oil Refineries, Rubber and Plastic 
Products 2.47 7.01 
36(PGM) Pottery, Glass, and Mineral Products 6.69 7.42 
37(ISM) 
Iron, Steel, and Non-Ferrous Metal 
Basic Industry 15.26 3.81 
38(E&E) Electronics and Electrical Appliances 9.73 10.51 
39(OMI) Other Manufacturing Industries 5.03 8.50 
 TOTAL 6.80 9.5 
(SOURCE: Computations are based on data from the Statistics Department of Malaysia.) 
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 3.2.3.1. Labor Productivity 
 
 3.2.3.1.1 The Trend in Output per Labor 
 
 First, based on data provided by the Statistics Department, this section measures 
labor productivity for the whole service sector for the period between 1993 and 2003.   
 
 
Figure 3.10: Labor Productivity Improvement in the Service Sector, 
1993-2003  
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(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
 
Table 3.12: Labor Productivity Improvement in the Service Sector 
(Output per Labor, 1993=100) 
 1993 1996 2000 2003 
Output per Labor (RM '000) 16.8 19.7 21.3 25.0 
Output per Labor (Index: 1993=100) 100 117 126 148 
(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
 
 Figure 3.10 and Table 3.12 show the output per labor increased over the period 
from RM 16,800 worth of value added output per labor in 1993 to RM 25,000 in 2003, 
meaning that the labor productivity increased by 1.48 times during that ten-year period.  
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 3.2.3.1.2 Growth of Output per Labor 
 
 Another way of showing the changes in productivity is by computing the 
compounded average growth rate (CAGR) for consecutive timeframes.  Results from this 
computation are shown in Table 3.13, which indicates that productivity growth improved 
from 3.4% during the 1993-2000 period to 5.5% during 2000-2003 period.  Better ICT 
usage could have contributed to that improvement in labor productivity.  
 
 
Table 3.13: Growth of Labor Productivity in the Service Sector, 
 1993-2003 
 1993-1996
1996-
2000
1993-
2000 
2000-
2003 
Average Growth of Labor Productivity (%) 5.4 1.9 3.4 5.5 
(SOURCE: Computations are based on data from the Department of Statistics of 
Malaysia.) 
 
 
3.2.4 Analysis of the Productivity of ICT Intensive Users and Less Intensive Users in 
the Service Sector 
 
As described in Chapter 2, the financial services sub-sector was the major user of 
ICT among the service sub-sectors.  The sub-sector bought 40%, 30%, and 15% of the 
computers, hardware, and software sold to all businesses in 1990, 1995, and 2000, 
respectively.  In the first half of the 1990s, investment in computers, hardware, and 
software by the financial services sub-sector grew by an annual average of 15%.   
 
In 1996, The Seventh Malaysian Plan reported that the financial services sub-
sector invested substantially in ICT as part of its effort to improve customer service, 
increase productivity, reduce costs, and generate revenue from enhanced services.  The 
new technology enabled the financial services sub-sector to provide customers with such 
sophisticated facilities as home banking, integrated account statements, and self-serving 
terminals.  With this trend, it is considered that increased ICT usage helped improve the 
productivity of the financial services.  
 
 3.2.4.1. Labor Productivity 
 
Figure 3.11 compares the value added output of the financial services sub-sector 
and the rest of the service sector.  It shows that value added output per labor for the 
financial services sub-sector was at least twice more than that of the rest of the service 
sector during the period between 1993 and 2003. 
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Figure 3.11: Labor Productivity Improvement in the Service Sector, 
1993-2003 
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(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
 
 
 3.2.4.2. Regression Analysis to Compare the Marginal Output of Labor in the 
Financial Services Sub-Sector with the Rest of the Service Sector 
 
 As explained in 3.2.1.2 of this chapter, labor productivity improvement can also 
be measured by the marginal output of labor.15  With a similar approach, the marginal 
output of labor is estimated by the coefficient of the linear regression analysis of the 
output data (dependent variable) and labor data (independent variable).16   
 
                                                          
15 “Output” refers to value added output; its definition is provided in Appendix 1.  “Marginal output of 
labor,” as explained earlier, is a concept that refers to how much more output can be produced by adding 
one extra unit of labor input.  The marginal output of capital is not computed here due to limited data. 
16 In the scatter plot, the data show some characteristics of linear relationship rather than other forms of 
relationships.  Therefore, it is sufficient for this study to measure the curve in linear form.  In the SPSS 
version 11, apart from linear relationships, there are 10 other ways to estimate the curve, such as 
logarithmic, quadratic, exponential, and so on.   
The equation for this linear model is: 
 
Y = b0 + (b1)L.           
 
Y is output, b0 is a constant value, b1, and is the regression coefficient of labor input L.  The coefficient b1 
measures how much output is increased when one additional unit of labor input is employed.  In a two-
dimensional diagram, b0 is the Y-axis intercept, and b1 is the slope of the regression curve. 
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 The results are summarized in Table 3.14.  The value of b1 for the financial 
services sub-sector is 57.671, as compared with 30.692 for the rest of the service sector 
for the same period 1993-2003.  This means that the financial services sub-sector had 1.8 
times higher productivity than the rest of the service sector.  These results are also shown 
in a simplified, two-dimensional chart in Figure 3.12.  
 
 
 
Figure 3.12: Productivity of the Financial Services and the Rest of the Service 
Sector:  
Marginal Output of Labor, 1993-2003 
 
 
Note: Output refers to value added output.  One additional unit of labor in the financial services sub-sector, 
on average, produced 1.8 times more output than in the rest of the service sector for the period between 
1993 and 2003, i.e., 57.761 divided by 30.692 = 1.8.  
(SOURCE: Table 3.14.) 
 
 
 
Table 3.14: Labor Productivity in Financial Services and the Rest of the Service Sector: 
Regression Analysis of the Marginal Output of Labor, 1993-2003 
Regression Coefficients Model Summary Y-Axis Intercept Slope of the Linear CurveSub-Sectors 
R   R2 Adj.R2 F b0 t stat Sig. b1 t stat Sig. 
Financial 1993-
2003 0.960 0.921 0.913 105.3 3124.781 -1.17 0.272 57.761 10.26 0.000
The Rest 1993-
2003 0.817 0.758 0.731 28.2 -50662.6 -2.32 0.045 30.692 5.31 0.000
Note: 
Output refers to value added output. 
Refer to notes for Table 4.2 for descriptions of R, R2, Adj. R2, F, t-stat., and Sig. 
b1 for Financial sub-sector 1993-2003 =57.761 = RM 57,319.  On average, one additional labor produces RM 
57,319 worth of output. 
b1 for the rest of service-sector 1993-2003 = 30.692 = RM 30,692.  On average, one labor produces RM 30,692 
worth of output. 
(SOURCE: Computations are based on data from the Department of Statistics of Malaysia.) 
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3.2.4.3 Comparing the Growth Contribution of the Service Sub-Sectors 
 
Improved labor productivity in the financial services sub-sector is expected to 
contribute more to the growth of the service sector as a whole.  Moreover, with the 
growing volume of e-commerce activities in Malaysia, the financial services sub-sector 
might have provided more digitized services than before, as they are major intermediaries 
in e-commerce transactions. Additional services have come from Internet usage (such as 
electronic payment by using credit cards, which registered double digit growth in number 
and volume during the 1990s), resulting in more commissions, fees, and cost savings. 
  
 To examine the relative contributions of service sub-sectors to the value added for 
the whole service sector, this section uses the following accounting identity: 
 
G = ∑wjgj         (4) 
 
 This equation considers the growth of the service sector (G) as a sum (∑) of the 
weighted growth of its sub-sectors (wjgj).  The service sector has five sub-sectors (j): (j1) 
utilities, (j2) transportation and communications, (j3) wholesale and retail, (j4) finance, 
and (j5) other services. 
 
 The basic data are shown in Table 3.15, and the results of the author’s 
computation are tabulated in Table 3.17.17  Data in Table 3.16 show that service sector 
growth was severely impacted by the 1997 Asian financial crisis’s effect on the 
Malaysian economy.  The maximum impact was felt in 1998, but the service sector, like 
                                                          
17 Table 3.15 is depicted in the following figure, Composition of the Service Sector 1993-2003 
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(SOURCE: Table 3.15.) 
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the manufacturing sector, showed a “V-shape recovery,’” a unique case of recovery 
among Southeast Asian countries.  The economy slowed down again in 2001 and 2002, 
due to the effect of the implosion of the IT bubble in the United States in 2000.  
  
 
 
 
 
 
 
 
 
Table 3.15: Composition of the Service Sector 
Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
 Composition (%) 
Utilities  7.3 7.5 8.0 8.0 6.8 7.2 7.3 8.4 8.0 8.0 8.3 
Trans./Comm. 15.6 16.7 16.7 16.3 16.6 16.9 17.2 17.0 17.2 17.0 17.1 
Wholesale/Retail 34.2 34.5 34.4 33.7 33.1 32.4 32.4 31.4 30.4 30.0 29.5 
Finance 25.5 23.9 23.5 25.0 27.0 26.5 26.2 27.0 28.4 28.8 29.0 
Other 17.4 17.4 17.4 17.0 16.6 17.1 16.8 16.2 16.0 16.1 16.2 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
 (SOURCE: Author's computation based on data from the Statistics Department of Malaysia.) 
Table 3.16: Growth of the Service Sector 
Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
 Growth (%) 
Utilities  28.7 14.0 18.9 9.6 -5.8 4.3 4.8 24.8 1.8 3.9 7.3 
Trans./Comm. 12.2 18.7 12.1 7.4 11.8 0.7 4.8 8.1 7.2 2.6 4.5 
Wholesale/Retail 10.9 12.0 11.5 7.9 8.0 -3.1 2.8 6.0 2.5 2.6 2.2 
Finance 25.2 4.2 9.7 17.0 18.9 -2.9 1.7 12.6 11.5 5.3 5.0 
Other 10.1 10.6 11.8 7.9 7.0 2.0 1.3 5.3 4.8 4.6 4.2 
AVERAGE  11.0 11.8 10.1 10.1 -1.1 2.7 9.4 6.0 3.8 4.1 
 (SOURCE: Author's computation based on data from the Statistics Department of Malaysia.) 
Table 3.17: Percentage Point Contribution 
 to the Growth of the Service Sector  
Service Sub-Sectors 
(Excluding 
Government 
Services) 
Compounded 
Annual Growth 
Rate (CAGR) 
Mean Share 
in Service 
Sector 
Percentage Point 
Contribution to 
Service Sector 
Growth 
% of the 
Contribution to 
Service Sector 
Growth 
  1993-2003 1993-2003 1993-2003 1993-2003 
Utilities  8.04 7.70 0.62 9.2 
Trans. and Comm. 7.70 16.75 1.29 19.2 
Wholesale and Retail 5.14 32.36 1.66 24.8 
Finance 8.11 26.44 2.14 32.0 
Other 5.90 16.75 0.99 14.8 
Total 6.70 100 6.70 100 
Note: Based on equation (5), column 2 presents the growth (g) for five service-sub sectors.  Column 3 
presents the weight (w) of each sub-sector in the whole service sector.  Column 4 tabulates the result of 
the computation.  Column 5 is a different way of presenting the result. 
(Source: Author's computation based on data from the Statistics Department of Malaysia.) 
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 Table 3.17 shows the relative contributions of sub-sectors to the growth of the 
service sector during the 1993-2003 period.  While the average growth rate of the service 
sector was 6.70% annually over the period, the financial services sub-sector registered the 
highest growth, 8.11%, followed by utilities and transportation sub-sectors, 8.04% and 
7.70% respectively.  With the financial services sub-sector’s large share in the whole 
service sector in terms of the contributions to growth, the sub-sector was the largest 
contributor, accounting for 32.0% of the growth of the service sector over the period.18  
 
 The prevalent ICT usage in the financial services sub-sector suggests that ICT 
usage was one of the key factors that helped improve labor productivity and consequently 
contributed to the growth of the service sector during that ten-year period.   
 
 
 
 
 
 
 
 
 
 
                                                          
18 This figure visualizes the results in the last column of Table 3.17.  
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3.3. Summary 
 
By using four major sector-specific approaches and a variety of statistical 
analyses, the chapter tried to verify the degree of productivity improvements in the major 
sectors of the Malaysian economy.  The findings indicate that the labor productivity for 
the manufacturing sector in 1990 was 1.8 times more than that in 1981.  By 2000, it 
increased to a factor of 4.4 times.  There was acceleration in the five-year moving 
average from a range of 3.7%-7.4% growth in the 1980s to a range of 4.7%-14.5% 
growth in the 1990s.  Compounded average growth of output per labor increased from 
6.8% in the 1980s to 9.5% in the 1990s.  Regression analysis for marginal output of labor 
shows that each labor produced RM 437,452 worth of marginal output or labor in the 
1990s, which was 2.8 times higher than the RM 154,239 worth of marginal output or 
labor in the 1980s.  Regression analysis for marginal output of capital indicates that each 
ringgit invested in the 1990s produced RM 2.246 worth of marginal output, which was 
1.9 times higher than the RM 1.319 worth of marginal output in the 1980s.  The total 
factor productivity contributed 17.0% to growth in the 1980s, while in the 1990s the 
contribution from TFP increased to 22.0%.  These findings seem to support the first 
hypothesis of this study: that increased ICT usage has contributed to the productivity 
increase in the manufacturing sector. 
 
 In comparing the productivity of the ICT-related sub-sector with the rest of the 
manufacturing sector, the results show that the sub-sector has the highest productivity 
growth compared with the rest of the manufacturing sector in the 1990s.  Its labor 
productivity grew by 9.7% in the 1980s, and increased to 10.5% in the 1990s. It was well 
above the average growth of labor productivity for the whole manufacturing sector in the 
1980s and 1990s, recorded at 6.8% and 9.5% respectively.  By comparing the labor 
productivity for each sub-sector in 2000 against the output per labor in 1981, the labor 
productivity of the ICT-related sub-sector is shown to have increased by a factor of 6.3, 
which was the highest of the manufacturing sector.  Regression analysis of the marginal 
output of capital of the specific ICT sub-sector indicates that this sub-sector has 1.6 times 
better capital productivity than the whole manufacturing sector during the last two 
decades.  Better productivity in the ICT-related sub-sector has resulted in an increased 
share in the output of the manufacturing sector, from 21.8% in 1981 to 53.5% in 2000.  
These findings support the argument that higher ICT usage in the ICT-related 
manufacturing sub-sector has induced a larger improvement in productivity than in the 
rest of the manufacturing sector.    
 
 For the service sector, by comparing the basic labor productivity for different 
timeframes (1993-2000 and 2000-2003), the results show that the average growth of 
labor productivity during the period between 1993 and 2000 was 3.4%, and that it rose to 
5.5% in the 2000-2003 period.  Before the recession in 1998, labor productivity was 
increasing by 5.4% annually between 1993 and 1996.  During the 1993-2000 period, 
labor productivity also improved by a factor of 1.26 times, and further improved by a 
factor of 1.48 times in 2003.  Limited data has made it impossible for this study to use a 
longer timeframe for a more rigorous analysis.  The results, however, might provide 
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sufficient information to verify the first hypothesis of this study: that increased ICT usage 
has contributed to productivity improvement in the service sector.     
 
 In a comparison of the productivity of the financial services sub-sector and the 
rest of the service sector, the results indicate that the value added output per labor for the 
financial services sub-sector was at least twice the value added output of the rest of the 
service sector during the period between 1993 and 2003.  Regression analysis for 
marginal output of labor indicates that each labor produced RM 57,671 worth of marginal 
output per year during the 1993-2003 period, which was 1.8 times more than the RM 
30,692 worth of marginal output of labor for the rest of the service sector.   
 
 Among the service sub-sectors, in terms of percentage point contributions to the 
growth of the whole service sector, the financial services sub-sector was the highest, 
contributing 2.14 percentage points out of the 6.71% growth of the service sector.  This 
accounts for 32.0% of the growth in the value added output of the service sector during 
1993 to 2003.  Similarly, these findings could be used to support the third hypothesis: 
that higher ICT usage in the financial services sub-sector has also induced a larger 
improvement in productivity than in the rest of the service sector. 
 
All these approaches produce a common result that shows some evidence of 
improvement in productivity in the main sectors of the Malaysian economy.  The 
improvement was especially high among intensive users of ICT, i.e., the ICT-related 
manufacturing and financial services sub-sectors.  Although there are some other factors 
that may have also contributed to productivity improvements, as elaborated on in 
Chapters 1 and 2, the prevalent ICT usage in facilitating business processes is considered 
the main contributing factor behind those productivity improvements.  The productivity 
improvements in the major economic sectors in Malaysia were in line with the experience 
of the OECD countries, suggesting that increased ICT usage could also be an important 
instrument for productivity improvement in the economies of other developing countries.  
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ICT USAGE IN MALAYSIA: 
A STUDY ON ITS ECONOMIC IMPACT 
 
CHAPTER 4 
 MACROECONOMIC ANALYSIS AND RESULTS 
 
4.1. Introduction 
 
In Chapter 3, the impact of ICT usage on productivity improvements in the major 
sectors of the Malaysian economy was assessed.  It is expected that the whole economy 
could have also benefited from the spill-over effect of general improvement in ICT usage 
in the 1990s.  This chapter intends to assess the spill-over effect of ICT usage on the 
whole economy by using two approaches, growth accounting analysis to estimate TFP, 
and regression analysis to estimate the production function.  While the former intends to 
measure the contribution of productivity improvement to the output growth of the whole 
economy during the last two decades, the latter intends to measure the long-term trend of 
productivity improvement by comparing the production functions of the economy in the 
1990s with those of the 1980s. 
 
4.2. Impact of ICT Usage on the Productivity of the Whole Economy 
 
4.2.1 Analysis of the Productivity of the Economy by Using the Solow Growth 
Accounting Framework  
 
In this section, application of the growth accounting framework is intended to 
verify whether the increasing ICT usage in the economy was reflected in higher 
productivity growth with the progress of time.  As discussed in Chapters 2 and 3, the 
trend in ICT usage in Malaysia was much higher in the 1990s as compared with the 
previous decades.  The focal point here is whether the productivity of the 1990s grew at a 
higher rate as compared with the previous decades.  The equation for TFP is summarized 
as follows: 
 
 U T  =  UQ   _   θL   U K    _   θL  U L      (1) 
  T            Q                    K                   L 
 
The rate of TFP growth (UT/T) is a residual that reflects a change in output (GDP) that 
does not depend on the increment of capital and labor inputs.1  For the twenty-six-year 
                                                          
1 Q, K, and L denote output, capital, and labor inputs, respectively, while θK and θL represent the respective 
shares of capital and labor input in total factor payments.  For output growth, this study uses the real GDP.  
For the capital and labor shares in factor payments, the paper is guided by the National Productivity 
Corporation’s (NPC) estimates and the annual survey by the Department of Statistics of Malaysia.  The 
estimation of labor shares is based on the employee compensation to GDP.  Mathematically, 
Labor share of income = Compensation for labor = Wage bill        
     Real GDP  Real GDP 
   = Wage rate x no. of workers 
     Real GDP 
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period from 1976 to 2003, the author’s estimates based on equation (1) are summarized 
in Figure 4.1, while the detailed results are shown in Table 4.1, Figure 4.2, and Figure 4.3.    
 
Table 4.1: Growth of Total Factor Productivity (TFP) Between 1976 and 2003 
  Growth (%) Share in Output of Contribution to Growth 
  Real Capital Labor Capital Labor in Real GDP 
Year GDP Stock   θK θL Capital Labor TFP 
1976 12.29 10.98 3.06 54.0 46.0 5.930 1.408 4.956 
1977 7.27 11.44 2.19 54.0 46.0 6.176 1.009 0.089 
1978 6.02 10.55 7.29 54.0 46.0 5.699 3.352 -3.031 
1979 9.35 11.60 2.56 54.0 46.0 6.262 1.179 1.908 
1980 7.44 13.31 -1.79 54.0 46.0 7.189 -0.822 1.077 
1981 6.94 14.00 4.67 58.0 42.0 8.120 1.963 -3.141 
1982 5.94 13.11 3.68 57.0 43.0 7.470 1.580 -3.110 
1983 6.25 12.38 3.47 59.0 41.0 7.306 1.422 -2.478 
1984 7.76 11.09 2.51 54.0 46.0 5.990 1.152 0.619 
1985 -1.12 8.48 1.08 54.0 46.0 4.581 0.496 -6.199 
1986 1.15 5.64 1.46 55.0 45.0 3.102 0.656 -2.606 
1987 5.39 4.82 4.85 58.0 42.0 2.794 2.039 0.557 
1988 8.94 5.60 3.21 51.0 49.0 2.854 1.572 4.512 
1989 9.04 7.74 3.47 52.0 48.0 4.022 1.663 3.355 
1990 9.72 9.15 4.63 53.0 47.0 4.851 2.177 2.695 
1991 8.60 10.53 3.07 53.0 47.0 5.579 1.441 1.580 
1992 7.80 10.46 2.97 54.0 46.0 5.650 1.368 0.779 
1993 8.35 10.99 4.23 55.0 45.0 6.045 1.902 0.399 
1994 9.24 11.76 2.80 55.0 45.0 6.466 1.259 1.515 
1995 9.62 12.83 0.55 54.0 46.0 6.930 0.254 2.436 
1996 8.45 12.40 2.86 54.0 46.0 6.698 4.537 0.154 
1997 2.23 11.87 2.02 45.0 55.0 5.341 1.113 -4.222 
1998 -7.31 4.49 0.36 46.0 54.0 2.065 0.195 -9.574 
1999 6.09 3.75 2.77 59.0 41.0 2.213 1.135 2.738 
2000 8.55 5.07 5.48 59.0 41.0 2.991 2.245 3.313 
2001 0.32 5.36 2.26 54.0 46.0 2.894 1.041 -3.611 
2002 4.12 0.03 3.22 59.0 41.0 0.018 1.320 2.777 
2003 5.64 0.03 3.15 59.0 41.0 0.017 1.292 4.329 
         
Note:  θK  and θL  are capital and labor shares in total factor payment as described in equation(1).  Footnote 
1 further explains the statistical calculations for the results presented in this table. 
(SOURCE: Author’s computations are based on data from Department of Statistics Malaysia, the National 
Productivity Corporation, and the Economic Planning Unit of the Prime Minister’s Department.) 
 
 
                                                                                                                                                                             
And, capital share of income  = 1- labor share of income. 
For computing the capital stocks, the perceptual inventory method is used by adjusting the gross fixed 
capital formation with the annual investment flow and the average depreciation rate of 3%.  The equation is, 
 Kt = (1-d)Kt-1 + It 
Where Kt = Capital stock at the beginning of time t   
 It = Investment in period t 
 d = Depreciation rate 
A sum of investment over certain number of years is used as an approximation of the benchmark year’s 
capital stock. 
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Figure 4.1: Composition of Output Growth, 1980-2003 
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  (SOURCE: Table 4.1.) 
 
Figure 4.2: Annual Composition of Output Growth, 1980-2003 
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(SOURCE: Table 4.1.) 
 
Figure 4.3: Annual Growth and Five-Year Moving Average Growth of TFP, 
1976-2003 
 
-12
-10
-8
-6
-4
-2
0
2
4
6
19
76
19
78
19
80
19
82
19
84
19
86
19
88
19
90
19
92
19
94
19
96
19
98
20
00
20
02
Year
TF
P 
Gr
ow
th
TFP Grow th
5-Year Moving Average
 
(SOURCE: Table 4.1.) 
                                                                Chapter 4: Macroeconomic Analysis and Results 
------------------------------------------------------------------------------------------------------------ 
 90
  
During the twenty-six-year period (1976-2003), the results indicate acceleration in 
TFP growth (Figure 4.3).  The TFP was negative during the 1980-1985 period, but 
improved toward the end of the 1980s and the early 1990s.  Soon after these favorable 
developments, Malaysia experienced a severe economic downturn in 1997 and 1998, 
resulting in a sharp decline in TFP.  The economy also experienced another recession in 
2001 due to the effect of the implosion of the IT bubble in 2000, but it was a mild 
recession.  On average, however, the TFP was still positive during 2000-2003.  The 
upward trend and the resilient positive TFP imply that the productivity improvement was 
more or less attributable to technology-oriented economic effects, including ICT.  
Focusing on this period 2000-2003, the statistical trend implies that ICT-oriented TFP 
improvement would account for about one-third of the economic growth at maximum.  
Assuming the average economic growth for this period was 6% annually, the contribution 
of ICT-oriented TFP improvement could account for about 2%.    
 
There have been several attempts to further decompose the Solow residuals by 
employing proxies for some possible factors such as labor training, general education, 
and economic cycle.  However, it is not clear how one could possibly isolate ICT usage 
from today’s training and education programs.  At this stage, what can be said is that ICT 
usage plays both a direct and an indirect role in promoting productivity.  It is direct when 
it is used for facilitating business processes (production, sales, and commodity service 
management activities), and indirect when it is used in training, education, planning, 
research, data sorting and storage, and other administrative and supportive activities.  If 
one tried to impute the economic cycle to the residuals, it would not be easy to pin down 
one standard proxy because the causes are different for each phase of the cycle, and the 
results might only offer some raw indications.  
 
 Still, if the discussion in Chapter 2 is considered, ICT usage is most likely to have 
helped improve Malaysian economic productivity in most of the 1990s and 2000 onward.  
Without the economic shocks in the late 1990s and in 2001, there would have been better 
growth in the total factor productivity.  Analysis in the next section will compare the 
productivity of the economy including and excluding the recession years.  
 
4.2.2 Analysis of Production Functions for the Economy in Different Timeframes 
 
 The computation of TFP suggests a general increase in productivity during most 
of the 1990s as compared with the earlier decades.  To support this finding, this thesis 
also conducts another analysis on the nature of the macroeconomic production function 
of the Malaysian economy during the 1980-2003 period.  If there is any significant 
upward shift of this production function, it could be interpreted to mean that the 
Malaysian economy achieved a higher dimension of economic activity.  
  
The macroeconomic production function shows a relationship between outputs 
and inputs (factors of production) on a national scale.  An upward movement in the 
production function indicates that the same amount of inputs can produce more outputs; 
or to put it another way, the same amount of outputs requires fewer inputs. By estimating 
the production functions in two different consecutive periods (e.g., the 1980s and the 
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1990s), we may derive an indication as to whether there is any difference between the 
two.  In this analysis, the author assumes the following production function: 
 
Y = β1(K) + β2(L)         (2) 
 
Where Y is the real GDP as the dependent variable, K is capital input, and L is labor input, 
with both K and L as independent variables.  β and β2 are the coefficients of capital and 
labor inputs, respectively.  Since this paper tries to display this production function in a 
two-dimensional diagram, while at the same time taking into account both inputs in the 
computation, some modifications have been made to Equation 2.  Both sides of the 
equation are divided by labor inputs (L).  With the assumption of a linear relationship, the 
study uses the linear regression model to estimate the slope of the production function 
curve and the intercept value of Y-axis.  The equation is now modified as follows: 
 
 Y/L     =  α +  θ     K/L         (3) 
  
 Equation 3 suggests that the output, or GDP per labor (Y/L), is determined by a 
constant (α), or the intercept value of Y-axis plus the amount of capital per labor (K/L) 
times the coefficient of capital per labor (θ).  Now GDP per labor is shown on the Y-axis, 
and capital per unit of labor is shown on the X-axis.  To minimize the effect of the 
economic cycles Malaysia experienced during the period, regression analyses omitting 
the recession year are also carried out.  
 
 Five pairs of regressions are calculated based on three different timeframes.  One 
pair is for the 1980s, and two pairs are for the 1990s (the recession year is included in one 
and excluded in the other).  The other two pairs are for the 1990-2003 period (also with 
and without recession years).  The findings from this analysis are presented in Table 4.2. 
 
 
 
 
 
Table 4.2:  The Production Functions’ Statistical Properties 
Regression Coefficients 
  
   Y-axis intercept 
Slope of the Production 
Function 
Timeframe 
Adj. R-
Squared F stat α t stat Sig. θ t stat  Sig. 
(1) 1980-1990 0.798 31.7 6.7587 11.26 0.000 0.1203 5.63 0.000
(2a) 1990-2000 0.874 62.3 7.6530 8.67 0.000 0.1375 7.895 0.000
(2b) 1990-2000 0.912 83.02 7.1793 8.86 0.000 0.1489 9.111 0.000
(3a) 1990-2003 0.883 97.0 7.8962 11.03 0.000 0.1318 9.84 0.000
(3b) 1990-2003 0.919 113.0 7.4986 10.85 0.000 0.1414 10.62 0.000
Note: 
(2a) includes the 1998 recession year. 
(2b) excludes the 1998 recession year. 
(3a) includes the 1998 and 2001 recession years. 
(3b) excludes the 1998 and 2001 recession years. 
(SOURCE: Computations are based on basic data from the Statistics Department of Malaysia.) 
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 Each of the regression coefficients in Table 4.2 is now transformed into 
production function equations, as follows: 
 
(1) For the ten-year data period of 1980-1990: 
Output per Labor =  6.7587   +   0.1203  (Capital per Labor) 
 
Data in equation (1) can be interpreted to mean that one ringgit worth of capital per labor 
produces 0.120 ringgits worth of marginal output.  We should then compare it with the 
results from the 1990s data, as indicated in the following equations, 2a and 2b. 
 
(2a). For the ten-year data period of 1990 -2000: 
Output per Labor =  7.6530   +   0.1375  (Capital per Labor) 
(2b). For the ten-year data period of 1990 -2000a (excluding the 1998 recession year): 
Output per Labor =  7.1793  +  0.1489  (Capital per Labor) 
 
 For the 1990-2000 periods, two estimations are made, in which 2a is the result 
with the recession year included, while 2b is the result with the recession year (1998) 
excluded.  The results show that the marginal output is, as expected, higher when 
recession years are excluded, with a difference of 0.011 ringgits worth of marginal output.  
The recession in 1998 affected the overall productivity.2   
 
(3a). For the thirteen-year data period of 1990 -2003: 
Output per Labor =   7.8962   +   0.1318  (Capital per Labor) 
(3b). For the thirteen-year data period of 1990 -2003a (excluding the recession years 
1998 and 2001): 
Output per Labor =   7.4986   +   0.1414  (Capital per Labor) 
 
A similar result is also derived when the data with and without recession years are 
compared for the period from 1990 to 2003, as indicated in 3a and 3b. 
 
 As clearly shown by the statistical results, the regression coefficients for the 
1990s (0.1318~0.1489), as indicated in 2a, 2b, 3a, and 3b, are significantly higher than 
the one for the 1980s (0.1203), as indicated in Equation 1.    
 
 Hence, the results could imply that the regression coefficient θ, which measures 
the slope of the production function, is significantly higher in the 1990s compared with 
the 1980s.  Even with the recession years included, the regression coefficients for the 
1990s are still higher than the ones for the 1980s.  To illustrate the results, each of the 
equations is depicted in Figure 4.4 (for 1980-1990), Figure 4.5 (for 1990-2000, including 
the 1998 recession year), Figure 4.6 (1990-2000, excluding the 1998 recession year), 
Figure 4.7 (for 1990-2003, including the recession years 1998 and 2001) and Figure 4.8 
(for 1990-2003, excluding the recession years 1998 and 2001). 
                                                          
2 This happened because during the recession year, production could be quickly adjusted to the current 
market conditions, whereas the excess labor force had to be kept for some time due to working agreements 
or positive expectations for a quick recovery. 
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Figure 4.4: Curve Fit 1 for the Ten-Year Data Period of 1980-1990 
Independent:  Capital per Labor 1980-90  Dependent: Output per Labor 1980-90 
Mth Adj. R sq. F Sig. α θ 
LINEAR .798 31.65 .000 6.7587 .1203 
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Figure 4.5: Curve Fit (2a) for the Ten-Year 
Data Period of 1990-2000 (Including the 1998 
Recession Year) 
Mth    Adj. R sq. F Sig. α θ 
LINEAR .874 62.33 .000 7.6530 .1375
Figure 4.6: Curve Fit (2b) for the Ten-Year 
Data Period of 1990-2000 (Excluding the 
1998 Recession Year) 
Mth Adj. R sq. F Sig. α θ 
LINEAR .912 83.02 .000 7.1793 .1489
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Figure 4.7: Curve Fit (3a) for the Thirteen-
Year Data Period of 1990-2003 (Including the 
Recession Years 1998 and 2001) 
Mth  Adj. R sq. F Sig.  α θ 
LINEAR  .890 97.00 .000  7.8962 .1318
 
Figure 4.8: Curve Fit (3b) for the Thirteen-
Year Data Period of 1990-2003 (Excluding 
the Recession Years 1998 and 2001) 
Mth Adj. R sq.  F Sig. α θ 
LINEAR .919 113.03 .000 7.4986 .1414
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 For a better comparison, all these production functions are integrated into two 
hypothetical diagrams as shown in Figure 4.9.  The vertical axis of the diagram is the 
output per unit of labor, and the horizontal axis is the capital per unit of labor.  The upper 
chart shows the slopes of the production function for the period 1990-2000 and 1980-
1990.  There is an upward turn in production function in which one ringgit of capital per 
labor produced RM 0.1375 worth of output per labor during 1990-2000, which was 1.14 
times larger than the RM 0.1203 worth of output per labor during the earlier period.   
 
Figure 4.9: Comparing the Slopes of the Production Functions 
 
 
Note:  Generally the charts show that the productivity is positive irrespective of recession.  
(SOURCE:  Computations are based on basic data from the Statistics Department of Malaysia.) 
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 The lower chart, in which the recession years are excluded, shows an even larger 
upward turn in the production functions, suggesting that the same amount of capital per 
labor produced more outputs (1.24 times more).  The upward turn in the production 
function appears to reflect the improved utilization of technology in the Malaysian 
economy.  The advances in ICT and the prevalence of its usage in the 1990s seem to be 
among the contributing factors that induced the change, though the exact magnitude of 
the impact remains hard to measure. 
 
 The results presented in these analyses confirm that productivity improvement is 
not only obvious in the major economic sectors, but also in the whole economy.  
Productivity improvements were characterized by the increasing growth of capital stock 
throughout the period.  In the 1990s, capital stocks were growing faster than labor input, 
suggesting that a capital deepening took place.  Each labor handled more capital than 
before.  In these circumstances, improvement in the total factor productivity was most 
likely to have brought the economy to a new higher path of economic growth.  If so, then 
the macroeconomic production function would have shifted upward, indicating the so-
called level effect discussed in Chapter 1.   
 
 The level effect was achieved when the economy used better technology that 
helped accelerate labor productivity improvements.  That more rapid growth continued 
temporarily until it reached a new steady state and returned to its long-run level.  For the 
Malaysian economy to reach a higher level effect, it needs to have a dynamic 
improvement in labor productivity through technological progress and better usage.  
Without continued improvement in labor productivity, the output growth will be back to 
its lower growth path, as shown in Figure 4.10.  The slope of the new upper curve bends 
downward to follow the slower growth path, suggesting that the economy will again be 
subjected to diminishing returns, resulting in a slowdown of labor productivity and output 
growth.   
 
Figure 4.10: Level Effect in the 1990s 
 
 
 Output per 
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 Therefore, for Malaysia to prolong its productivity improvement, efforts for 
enhancing ICT usage in business processes have to be continued by focusing more on 
intensity and sophisticated usage of ICT, while at the same time more widely diffusing 
the technology’s usage.  Based on a survey conducted by the author among 500 small and 
medium sized enterprises in Malaysia, it was observed that all types of firms that used 
ICT for transactions agreed that the technology helped them in various ways, in particular 
by improving business processes, reducing costs, and reaching new customers.  These 
findings lend some support to the argument that ICT usage should help improve the 
productivity of firms, since the firms involved in the survey have stated that they have 
gained benefits from ICT usage.3 
 
 However, the same survey also indicated that some small firms were hesitant to 
use ICT intensively.  Though with the application of ICT no place is remote and no 
person is isolated, there is still a real problem with diffusing ICT to all the possible 
beneficiaries of the technology.  The survey revealed that different types of businesses 
have different patterns and extents of ICT usage.  While most firms have invested in ICT 
for enhancing their business efficiency, the extent of its usage for e-commerce is lower 
compared with the level of ICT usage for e-commerce in developed countries.  These 
circumstances provide both the opportunity for better leveraging with technology in the 
future, and the challenge of encouraging more small businesses to use the technology 
effectively.    
 
 The challenge also lies in the latent factors that affect the level of ICT usage.  
Among them, the income factor has the strongest correlation, as indicated by a 
comparative study done by the author on fifteen countries in Southeast Asia and East 
Asia.4  There are some “obvious chains” that make some variables inter-correlate or exist 
together.  One obvious chain links low-income countries with agriculture-based 
economies and low ICT usage.  Another obvious chain links high-income countries with 
service-orientated economies and high ICT usage.  Malaysia belongs to the middle-
income group, and its economy relies more on the service and manufacturing sectors.  
These favorable factors may provide a suitable ground for Malaysia to progress further in 
the intensification of ICT usage in the whole economy.  
 
 In developed countries (the United States in particular), ICT usage may have 
reached a saturation point.  In terms of the S-shaped curve theory of new technology 
application, the United States may have reached the upper end of the S-curve, which 
suggests that growth in ICT application will be slowing down.  In the case of Malaysia, 
the space for upward improvement in ICT application by the business sector remains 
wide, judging from the present level of e-readiness.  Thus, improved ICT application can 
be used as possible leverage for achieving better future economic performance in further 
promoting productivity-driven output growth.   
 
 
                                                          
3 Report of the survey is provided as Appendix 4.1. 
4 Report is attached as Appendix 4.2. 
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4.3. Summary 
 
 This chapter conducted a macroeconomic analysis on productivity improvement 
for the whole Malaysian economy by using two main approaches.  One was the growth 
accounting framework to measure the total factor productivity (TFP), and the other was 
regression analysis to estimate the production functions of the economy in two different 
timeframes in order to assess whether productivity improvement in the economy was 
supported by an upward shift of the production function.  
 
Analysis in this chapter shows acceleration in TFP growth.  The TFP was 
negative between 1980 and 1985, but improved toward the end of the 1980s and after 
2000.  Within this period, Malaysia experienced a severe economic downturn in 1998, 
which affected TFP.  The economy also experienced another recession in 2001 (due to 
the implosion of the IT bubble in 2000), but it was a mild recession, and on average the 
TFP was still positive during 2000-2003, accounting for about 2% at maximum out of 6% 
average annual growth rate of GDP. In Solow’s definition, this positive TFP indicates 
that the output growth was attributable to better technology usage.   
 
From this computation of TFP, it could be deduced that ICT usage has helped 
bring about productivity improvement in the greater part of the 1990s and in the most 
recent years.  If we exclude the economic shocks in the late 1990s and in 2001, there 
would be better growth in the total factor productivity.  ICT usage could have played both 
a direct and an indirect role in promoting improvement in productivity.  It is direct when 
it is used for facilitating business administrative and supportive activities, and it is 
indirect when it is used in training, education, and research activities.    
 
In comparing the production functions of two periods, 1990-2000 and 1980-1990, 
there is an upward movement.  When the recession years are omitted, the result shows an 
even larger upward movement in the production functions, suggesting that the same 
amount of capital per labor produced more outputs.  An upward movement in the 
production function usually implies an improvement in the utilization of technology in 
the economy.  This study considers the advances in ICT and the prevalence of its usage in 
the 1990s to be among the contributing factors that prompted the change. 
 
Four sector-specific approaches applied in the previous chapter and two 
macroeconomic approaches in this chapter produce a common result that shows some 
evidence of improvement in the productivity of the Malaysian economy during the 1990s.  
Although there are some other factors that may have also contributed to the productivity 
improvements, as elaborated upon in Chapters 1 and 2, prevalent ICT usage during the 
decade is considered to be an important factor that helped bring about the productivity 
improvement in the economy.  This is further confirmed by the results of a survey 
conducted by the author, which indicated that ICT usage has improved labor productivity.  
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ICT USAGE IN MALAYSIA: 
A STUDY ON ITS ECONOMIC IMPACT 
 
CHAPTER 5 
 SUMMARY AND CONCLUSION 
 
5.1 Introduction 
 
 This chapter summarizes the findings of the study, derives some of its theoretical 
and practical implications, and discusses its possible contributions to Malaysian 
economic arguments, as well as its limitations.  It also proposes some areas for future 
research.   
 
5.2 Research Summary 
 
 This thesis contains five chapters.  Chapter 1 identified the background theory 
underpinning the analysis, and clarified the research hypotheses and approaches.  Chapter 
2 reviewed empirical studies made previously by the OECD and others covering two 
main periods: the 1980s and 1990s, including the earlier part of 2000 onwards.  The 
chapter also analyzed the trends and peculiarities of ICT usage in Malaysia during the 
same periods.  Chapter 3 examined the impact of ICT usage on the productivity 
improvements in the main sectors of the Malaysian economy, and Chapter 4 analyzed its 
impact on the whole economy.  In this chapter, Chapter 5, the findings and the theoretical 
and practical implications of the analyses are discussed.  
 
 Recognition of the role of technological improvement in promoting productivity 
and economic growth is not new.  The role of technological progress was built explicitly 
into economic growth theories through the work of Solow and other cotemporary 
economists in the 1950s, as elaborated upon in Chapter 1.  With the phenomenal 
advancement of ICT-related technology in the 1990s, there was a renewed interest among 
economists in understanding the role of technology in productivity improvements and 
economic growth.  This new interest in understanding the role of ICT in the economy 
rose to its new peak when the OECD took the initiative to standardize ICT data collection, 
resulting in an increase in literature that tried to empirically assess the economic impact 
of ICT investment and usage on productivity improvement and economic growth.  
 
 This new interest in understanding the role of ICT-related technology in OECD 
counties has motivated the author to make a similar assessment in the context of the 
Malaysian economy.  The Malaysian economy has experienced high growth since the 
1980s, with growth further accelerating during the 1990s.  There have been many 
attempts to explain Malaysia’s rapid economic growth experience, but the relationship 
between productivity and Malaysia’s past economic performance remains unclear.   Past 
studies are centered on the role of accumulation of capital inputs, with a high rate of 
domestic savings and a steady inflow of foreign capital as the main sources of Malaysia’s 
economic growth. ICT usage as a source for productivity improvements and economic 
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growth is not covered in those studies.  Those traditional ways of making economic 
assessments may not be sufficient to explain the recent development of the Malaysian 
economy, in particular during the 1990s.   
 
Hence, this thesis intends to offer a new perspective in understanding how ICT 
usage has also contributed to improvement in productivity and economic growth in the 
context of the Malaysian economy.  This perspective takes into consideration the recent 
developments in ICT usage in the Malaysian economy, in which there was an enormous 
increase in ICT usage by businesses during the 1990s with the intention of enhancing 
their competitiveness and productivity, as elaborated upon in Chapter 2. ICT investment 
increased more than fourfold between 1990 and 2003, with the service sector (financial 
services in particular) and the manufacturing sector playing major roles in investing in 
ICT during those years.  High levels of investments by the financial services sub-sector 
during the 1990s were due to continuous efforts to upgrade ICT-based networking, as 
well as to prepare for launching Internet banking services.  The other segments in the 
service sector were also increasingly investing in ICT to facilitate business processes.  
 
For the manufacturing sector (the second largest economic sector after the service 
sector since the mid-1980s), investment in ICT was driven by the need to increase 
efficiency in their business processes.  This sector constituted one-third of the GDP and 
more than 80% of exports during the 1990s.  Therefore, efforts to improve productivity in 
this sector were essential not only for the sector but also for the overall Malaysian 
economy.  
 
All these efforts by the manufacturing and service sectors have helped Malaysia 
achieve a relatively high level of ICT usage compared with many other developing 
countries.  This is indicated by the e-readiness index developed by the Economist 
Intelligence Unit (EIU) and the digital access index developed by the International 
Telecommunication Union (ITU).  
 
 Given the economic scenarios in Malaysia, the increasing trend of ICT usage 
among its economic sectors is expected to improve productivity.  With that expectation, 
these four research hypotheses have been formulated:  
 
1. Increased ICT usage has contributed to productivity improvement in the 
manufacturing and service sectors. 
2. In particular, higher ICT usage in the ICT-related manufacturing sub-sector 
has brought about greater productivity improvement than in the rest of the 
manufacturing sector. 
3. Similarly, higher ICT usage in the financial services has also brought about 
greater productivity improvement than in the rest of the service sector. 
4. Higher ICT usage in the economy during the 1990s brought about greater 
productivity improvement than in the previous decade. 
 
To verify these hypotheses, a combination of six main approaches was used, as 
elaborated upon in Chapters 3 and 4.  The first four are sector-specific approaches that try 
to assess improvement in productivity in the main sectors of the Malaysian economy.  
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The last two are macroeconomic approaches that assess the impact of ICT usage on the 
whole economy.  None of the approaches is a new way to assess the impact of ICT usage, 
but using them in combination, not separately, is new.  The sector-specific and 
macroeconomic approaches are also supported by a survey to gauge the hypothetical 
impacts of ICT usage among firms. 
 
5.3 Discussion of the Findings 
 
 Based on a general review of previous studies of OECD countries, there is a good 
deal of empirical evidence to support the argument for the positive economic impact of 
ICT usage.  Though the productivity paradox is observed in some developed countries in 
the 1980s, most OECD countries witnessed a marked increase in the rate of ICT 
investment and productivity improvement with the increased usage of ICT in the 1990s.  
After the implosion of the IT bubble, subsequent cross-country research by the OECD 
confirmed the prospects for continued productivity growth.  This suggests that the impact 
of ICT usage remains a key factor for overall economic growth performance.  
 
Similarly, the increased ICT usage in Malaysia in the 1990s is expected to 
produce a positive impact on the Malaysian economy as well.  The findings from the 
analysis of productivity in the main sector of the Malaysian economy indicate, based on 
regression analysis, that the marginal output of labor in the manufacturing sector in the 
1990s was 2.8 time higher than in the 1980s.  Regression analysis for marginal output of 
capital per labor also indicates improvement in which each ringgit invested in the 1990s 
produced 1.9 times more than in the 1980s.  The total factor productivity in the 
manufacturing sector contributed 17% to the output growth in the 1980s, while in the 
1990s the contribution increased to 22%.  In terms of time periods, these results showed 
an obvious improvement in the sector’s productivity in the 1990s as compared with the 
1980s. 
 
In a comparison between the productivity of the ICT-related sub-sector and the 
rest of the manufacturing sector, the results show that labor productivity in the ICT-
related sub-sector recorded the highest productivity growth in the 1990s.  Regression 
analysis of the marginal output of capital per labor in the ICT-related sub-sector indicates 
that it has had 1.6 times better capital productivity than the whole manufacturing sector 
during the last two decades.  Since the ICT-related sub-sector is the most intensive user 
of ICT, this suggests that the marked difference in labor and capital productivity was due 
to the difference in the level of technology usage.  The use of sophisticated ICT-related 
technology is considered to be the main factor in the extent and intensity of ICT usage in 
this sub-sector as compared with the rest of the manufacturing sector during the period 
under review, as elaborated upon in Chapter 2. 
 
As for the service sector, by comparing the labor productivity of different 
timeframes (1993-2000 and 2000-2003), the results show that the average growth of 
labor productivity during the period between 1993 and 2000 was 3.4%, a figure that rose 
to 5.5% in 2000-2003.  During 1993-2000, labor productivity also improved by a factor 
of 1.26 times.  It further improved by a factor of 1.48 times in 2003.   
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In a comparison between the productivity of the financial services sub-sector and 
the rest of the service sector, the results indicate that the output per labor for the financial 
services sub-sector was at least twice the output of the rest of the service sector during the 
period between 1993 and 2003.  Regression analysis for marginal output of labor 
indicates that each labor produced 1.8 times more than the rest of the service sector for 
the same period.  A similar argument to the one posed in regard to the ICT-related 
manufacturing sub-sector is applicable to the financial services sub-sector.  The prevalent 
usage of ICT-related technologies in this sub-sector is considered to be the main factor in 
helping the sub-sector to register higher productivity than the rest of the service sector. 
 
In this first part of the analyses, as elaborated upon in Chapter 3, it seems that all 
four sector-specific approaches produce a common result showing some evidence of 
improvement in productivity in the main sectors of the Malaysian economy.  The 
improvement was especially high among the intensive users of ICT, i.e., the ICT-related 
manufacturing and financial services sub-sectors.  Thus, prevalent ICT usage in 
facilitating business processes could be one of the contributing factors behind those 
productivity improvements. 
 
 To ascertain the results of the above-mentioned sector-specific approaches, 
Chapter 4 conducted a macroeconomic analysis of the TFP and the nature of the 
production function of the Malaysian economy during this twenty-three-year period 
(1980-2003).  Two main approaches were applied: one was the growth accounting 
framework to assess the development in total factor productivity (TFP), and the other was 
regression analysis to estimate the production functions of the economy in two different 
timeframes.   
 
Analysis of TFP shows some indications of acceleration in TFP growth.  From 
this computation of TFP, it could be deduced that ICT usage has helped bring about 
productivity improvement in the greater part of the 1990s and 2000 onward.  ICT usage 
could have played both a direct and an indirect role in promoting total factor productivity.  
It is direct when it is used for facilitating business administrative and supportive activities.  
It is indirect when it is used in training, education, and research activities.  According to 
Solow’s definition, this positive TFP indicates that the output growth was attributable to 
better usage of technology, including ICT.   
 
In a comparison of the production functions of two periods, 1990-2000 and 1980-
1990, there was an upward turn in both production functions.  When the recession years 
are omitted, the result shows an even larger upward movement in the production 
functions.  An upward movement in the production function implies an improvement in 
the utilization of technology in the economy.  This study considers the advances in ICT 
and the prevalence of its usage in the 1990s to be among the contributing factors that 
prompted the change, though the exact magnitude of its impact is hard to measure. 
 
The results of the analyses in Chapters 3 and 4 more or less confirmed the 
perception that productivity improvement, a main economic achievement of the 
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Malaysian economy during the 1990s, was helped by widespread ICT usage.  The results 
are further supported by the findings from a survey conducted by the author on the 
perceived impact of ICT usage among small and medium size firms.  It is observed that 
all types of firms that use ICT for transactions feel that the technology has helped them in 
various ways, particularly in improving business processes, reducing costs, and reaching 
new customers, thus lending some support to the argument that ICT usage could help 
improve the productivity of firms.   
 
 The productivity improvements were also characterized by increasing capital 
deepening; each labor handled more capital than before.  In these circumstances, 
improvement in the total factor productivity most likely brought the economy to a new 
higher path of economic growth.  If this is the case, the macroeconomic production 
function has shifted upward, indicating the so-called level effect.  The level effect was 
achieved when the economy used better technology that helped accelerate labor 
productivity improvements.  
 
 The level effect is normally temporary because without continued improvement in 
labor productivity, the output growth will be subjected to diminishing returns that will 
bring the economy back to the previous growth path of slower labor productivity and 
output growth.  Thus, for the Malaysian economy to reach a higher level effect, it needs 
to have a dynamic improvement in labor productivity through technological progress and 
better usage.  Efforts toward enhancing ICT usage in business processes have to continue 
by focusing on intensity and sophisticated usage of ICT, while at the same time diffusing 
the technology’s usage more widely.  This could be done by further improving the level 
of e-readiness.   
  
 In developed countries (the United States in particular), ICT usage may have 
reached a saturation point.  In terms of the S-shaped curve theory of new technology 
application, the United States may have reached the upper end of the S curve, which 
suggests that growth in ICT application will slow down.  In the case of Malaysia, the 
space for upward improvement in ICT application by the business sector remains very 
wide, judging from the present level of e-readiness.  Therefore, improved ICT application 
can be used as possible leverage in achieving better future economic performance in 
further promoting productivity-driven output growth.   
 
 From the same above-mentioned survey conducted by the author, it is observed 
that while most firms have invested in ICT to enhance their business efficiency, the 
extent of its usage for e-commerce is still lower than in developed countries.  These 
circumstances provide both the challenge of encouraging more small businesses to use 
the technology effectively and the opportunity for better leveraging on technology to 
further improve productivity in the future.  The challenge also lies in the latent factors 
that affect levels of ICT usage.  Among those factors, the income factor has the strongest 
correlation, as indicated by a comparative study done by the author on 15 countries in 
Southeast Asia and East Asia.  There are some “obvious chains” where some variables 
inter-correlate or exist together.  One obvious chain links low-income countries with 
agriculture-based economies and low ICT usage.  Another obvious chain links high-
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income countries with service-oriented economies and high ICT usage.  Malaysia belongs 
to the middle-income group and its economy relies more on the service and 
manufacturing sectors.  These favorable factors provide a suitable ground for Malaysia to 
progress further in the intensification of ICT usage in the whole economy.  Therefore, 
efforts to further improve ICT usage are not expected to face many hurdles compared 
with other developing countries that have lower incomes per capita and rely heavily on 
primary sectors. 
 
5.4 Limitations and Suggestions for Future Research 
 
 The improvement in data collection on ICT-related activities has been continuing 
in many OECD countries and has resulted in increasing attempts by researchers to 
analyze the impact of ICT utilization on growth and productivity.  In addition, more 
efforts have been made toward standardizing the ICT data among the OECD members.  
In Malaysia, however, the effort to streamline ICT-related data collection and the 
standardization of data just started quite recently.  The author admits that the analysis of 
this thesis, in particular in Chapter 3, has been restrained by the lack of such data and 
information.  As a result, data analysis in this thesis may not be directly comparable to 
the analyses of OECD countries. 
 
 The other limitation of this thesis is related to the application of the Solow growth 
accounting framework in measuring the total factor productivity.  TFP is measured by 
computing the residual value in the growth accounting framework, as elaborated upon in 
Chapter 1.  This residual is considered a result of better technology application.  Solow, 
the inventor of the model, argued that any rise in the level of output that is not due to an 
increase in inputs has to be due to technological progress.  Of course, the growth 
accounting framework is a strong economic model applied by economists to assess 
economic productivity.  It is recognized, however, that since TFP is a measure of residual, 
there are some other factors besides technological progress that may have affected the 
residual.  There are ways to further break down the residual by introducing proxies for 
some of the other factors that are thought to have influenced the improvement in 
productivity, such as education and training, business cycle, economic openness, 
government policy, and so on.  Two examples of proxies (education and business cycles) 
are elaborated upon here.  
 
 1. Education and Training 
 It is assumed that the the actual wage rates of workers in various labor subgroups 
are proportional to their respective marginal productivities, which can be differentiated 
by variations in knowledge and levels of education among the workforce.  Thus, 
education level was used as a proxy to indicate the effect of change in education level on 
TFP.  The education level of the workforce is divided into a number of groups, such as 
those with primary, secondary, and tertiary educations.  The wage rate of each category 
was computed to reflect changes in worker efficiency. 
 
 2. Business Cycles 
 Some have taken the following steps in introducing proxies for business cycles. 
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First, boom years, when the economy was operating at full capacity, were identified.  
Using data from those years, the estimated production function provides the level of full 
capacity utilization.  Second, the theoretical value of the production function and the 
actual values of factor inputs were estimated.  The ratio of the actual production level to 
the theoretical value of production is taken as the rate of capacity utilization.  Finally, the 
rate of change in the rate of capacity utilization represents the effect of business 
fluctuation.  Subtracting this rate of change from TFP growth yields the technical change.  
Finally, other qualitative factors not captured by changes in these proxies are defined as 
technical progress, that is, the “residual” of the Solow residual. 
 
 It is argued, however, that the assumption of mutual exclusivity among those 
identified proxies and the improvement in technology may not be real.  For example, it is 
not totally clear how one could possibly isolate ICT usage from today’s training and 
education programs.  Perhaps what can be said at this stage is that technology (including 
ICT usage) plays both a direct and an indirect role in promoting productivity.  It is direct 
when it is used for facilitating business activities.  It is indirect when it is used in training, 
education, and research activities.  As for imputing economic cycles to the residuals, it is 
not easy to pin down one standard proxy because the causes are different for each cycle, 
and the results may only offer some raw indications.  Thus, despite efforts to further 
break down the residual, it is recognized that technological progress remains a key factor 
in promoting productivity improvement.   
 
 This thesis admits that factors other than ICT usage must have accounted for the 
Solow residual.  However, considering the empirical analyses put forward by the OECD 
studies and the findings from this thesis on the accelerated productivity improvement, 
ICT usage is considered the most likely main factor, as discussed in Chapter 2. 
 
 To gain an even deeper understanding of the recent nature of ICT usage and its 
impact, two areas are recommended for further research: 
 
1. The author conducted a survey involving about 500 small and medium 
enterprises (SMEs) in Kuala Lumpur and Selangor (the two most developed 
states in Malaysia) and found uneven usage of ICT for e-commerce among 
different types and sizes of firms.  Given the current level of ICT usage for e-
commerce in Malaysia, there is a need to further explore possibilities to 
improve the extent of ICT usage for e-commerce among SME firms since they 
form more than 80% of the registered businesses in Malaysia.   
2. Though it is obvious from the OECD studies that the impact of ICT usage is 
closely linked to the level of ICT diffusion in the economy, which is 
determined by the level of e-readiness, further research is needed to find the 
most effective ways to improve levels of e-readiness, particularly among 
developing countries, so that choices can be made available for practical 
implementation. 
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5.5 Implications and Conclusion 
 
The results of the thesis yield a couple of theoretical and practical implications.  
On the theoretical side, although the growth accounting framework provides a strong 
economic analytical model for measuring productivity, its results could be further 
reinforced if it is effectively used in conjunction with other statistical analyses.  In this 
regard, the thesis offers a new approach for assessing ICT usage in the economy by 
analyzing it from various angles and using a variety of analytical tools.  In this way, the 
deficiency of each analytical tool can be minimized.   
 
 The second implication of this thesis is a new perspective in understanding 
Malaysia’s recent economic development by assessing the role of ICT usage.  As 
mentioned earlier, previous studies have emphasized the impact of the economic 
resources that have contributed to Malaysia’s robust economic growth.  However, little 
attention has been paid to the relationship between productivity and economic growth.  
Those studies are mostly centered on the role of capital accumulation through the inflow 
of foreign capital and high domestic savings, while paying some attention to the growth 
of the Malaysian labor force.  The usage of ICT has scarcely been covered as a source of 
productivity improvements and economic growth.  The results from this thesis suggest 
that the economic growth in Malaysia in the 1990s could be considered productivity-
driven rather than input driven.  The findings also suggest that the prevalent usage of ICT 
in business processes will help developing countries improve their labor productivity and 
economic growth.  
 
 Third, the results show that the productivity improvement was brought about by 
the effective usage of ICT.  Of course capital deepening took place in Malaysia over the 
period, resulting in somewhat higher productivity.  An important element in that capital 
deepening is the increasing portion of ICT investment indicating the economic effect 
arising from ICT usage embedded in the ongoing capital deepening, which will be able to 
account for this rapid increase in productivity improvement.  In these circumstances, 
improvement in total factor productivity was most likely to have brought the economy to 
a new higher path of economic growth.  This means that the Malaysian economic growth 
path is most likely to have shifted from the 1980s’ path to a new higher path of economic 
growth, indicating that the so-called level effect has been realized in Malaysia, as 
discussed in Chapters 1 and 4.   
 
 Apart from the above-mentioned implications, three other implications could also 
be derived.  First, accelerated productivity improvement in the Malaysian economy was 
observed during the 1990s, and despite the zigzag course in 1998 and 2001, the general 
trend in productivity improvement appears to have been maintained.  However, the 
economic growth theory suggests that it may be temporary and will be subjected to a 
diminishing growth rate.  Its policy implication is that for the Malaysian economy to 
reach a higher level effect, it needs to have a dynamic improvement in labor productivity 
through technological progress and better usage.  The efforts toward enhancing ICT 
usage in business processes have to be continued,  by focusing more on intensity and 
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sophisticated usage of ICT, while at the same time diffusing the technology’s usage more 
widely by further improving the level of e-readiness.   
 
 Second, as discussed earlier in this chapter and in Chapter 4, if new technology 
application follows the so-called S-shape curve pattern, Malaysia’s position is most likely 
at the acclivity stage of the curve, judging from the level of e-readiness in Malaysia.  This 
implies that if Malaysia is successful in enhancing e-readiness, the accelerated 
productivity improvement will continue for the time being.   
 
 Third, as discussed in Chapter 4, based on a comparative study done by the author 
on fifteen countries in Southeast Asia and East Asia, latent factors, such as income level, 
economic structure, and demographic composition, have high correlation with levels of 
ICT usage.  In Malaysia, per capita income has reached US $4000 (US $10,000 in PPP 
terms).  This places Malaysia in the middle level by international standards.  With the 
continued rise in per capita income, there is much room for further improvement in ICT 
usage.  The service sector’s share in the Malaysian GDP is 50%, which is again at the 
middle level by international comparison.  With the steady increase in the sector’s share 
in GDP, there is even more room for ICT usage.  A demographic structure dominated by 
young people also suggests that there is further room for improved ICT usage.  These 
latent factors may continue to help Malaysia receive favorable economic impact from 
ICT-related technology. 
 
 To conclude, the core theme of the thesis is to assess whether ICT utilization in 
Malaysia has been a source of productivity improvement in the Malaysian economy.  
This study has observed the increasing economic growth and productivity stimulated by 
increased ICT utilization in the Malaysian economy, most obviously during the 1990s.  
Improvement in productivity continues to be crucial for Malaysia’s future economic 
growth.  For Malaysia to gain more productivity improvement from ICT usage, it needs 
to have a dynamic improvement in labor productivity by focusing more on intensity and 
sophisticated usage of ICT, while at the same time diffusing the technology’s usage more 
widely by further improving the level of e-readiness.   
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Appendix 1.1 
Concepts and Definitions 
 
This appendix intends to provide a brief description of concepts used in this thesis.  
 
1. Computers/IT/ICT 
 The early use of computers was for computing, as the name suggests.  Then with 
the advancement in software, they were increasingly used for publishing and 
administrative purposes.  The term “information technology” (IT) was coined to reflect 
this expanded usage.  As communications through computer networks became common, 
the term “information and communication technology” (ICT) was used to replace the 
original term “information technology” (IT).  However, much literature, including Asian 
government documents, still uses the term “IT” to cover both the computer-mediated 
networks and the normal usage of computers.  In this thesis, the terms “ICT” and “IT” are 
also considered to have the same meaning.  
 From an economic infrastructure perspective, there is still another way of 
describing ICT usage, as shown in the figure below.  It shows that the Internet is the latest 
component of the digital economy; it exists as the convergence of three different layers of 
technology: 
1. Computing (computers, software, services) technology 
2. Communications (telephony, cable, satellite, wireless) technology  
3. Information or content (entertainment, publication, broadcasting) technology  
 The invention of the modem and software made the connection and 
communication between two computers possible.  Closed networks began to emerge, such 
as local area networks (LAN), EDI, intranet, and now the open network, the Internet, is 
becoming ubiquitous.  The intranet and Internet are the products of the convergence of 
computing, communications, and digital information. 
 
Figure 1: ICT Usage and the Convergence of Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
(SOURCE: Author) 
 
Information (Content) 
Communications 
Computing 
Internet 
Collecting, keeping, retrieving, and disseminating 
information have their own layer of infrastructure such 
as in publication and broadcasting activities.
Building on the ubiquity of personal computers, the Internet has 
combined general-purpose communications (such as e-mail) and 
information publishing (the Hyper Text Markup Language, 
HTML) on a single service platform.  
As for computing technology, when the computer was 
invented, as its name suggests, it was intended to be 
used as a computing machine.  Italso has its own 
dedicated infrastructure in the form of hardware and 
software, research, and production. 
Communications have also developed their dedicated 
layer of infrastructure, progressing from a copper wire 
to fiber optics, and then to wireless communications. 
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2. CAD/CAM/CAE 
 Computer-aided design (CAD), or computer-aided design and drafting (CADD), is 
a form of automation that helps designers prepare drawings, specifications, and other 
design-related elements by using special graphics-intensive and calculations-intensive 
computer programs.  The technology is used for a wide variety of products in such fields 
as architecture, electronics, and aerospace, naval, and automotive engineering.  Although 
CAD systems were originally merely automated drafting systems, they now usually 
include three-dimensional modeling and computer-simulated operation of the model.  
Rather than having to build prototypes and change components to determine the effects of 
tolerance ranges, engineers can use computers to simulate operation to determine loads 
and stresses.  For example, an automobile manufacturer might use CAD to calculate the 
wind drag on several new car-body designs without having to build physical models of 
each one.  In microelectronics, as devices have become smaller and more complex, CAD 
has become an especially important kind of technology.  Among the benefits of such 
systems are lower product-development costs and a greatly shortened design cycle.  While 
less expensive CAD systems running on personal computers have become available for 
do-it-yourself home remodeling and simple drafting, state-of-the-art CAD systems running 
on workstations and mainframe computers are increasingly integrated with computer-aided 
manufacturing systems.  
 Computer-aided manufacturing (CAM) is a form of automation where computers 
communicate work instructions directly to the manufacturing machinery.  The technology 
evolved from the numerically controlled machines of the 1950s, which were directed by a 
set of coded instructions contained in a punched paper tape.  Today, a single computer can 
control robotic milling machines, welding machines, and other tools, moving the product 
from machine to machine as each step in the manufacturing process is completed.  Such 
systems allow easy, fast reprogramming from the computer, permitting quick 
implementation of design changes.  The most advanced systems, which are often 
integrated with computer-aided design systems, can also manage such tasks as parts 
ordering, scheduling, and tool replacement. 
 Computer-aided engineering (often referred to as “CAE”) is a broad term 
describing the use of computer technology to aid in the design, manufacture, handling, or 
transport of goods.  It is most widely used in the control of robotic machines which 
perform manufacturing tasks too large, too small, too exact, or too tiresome for human 
beings.  This can range from the assembly of automobiles to the etching of microchips.  
The precision of computer control is invaluable to almost every form of manufacturing.  
Advanced CAE tools merge many different aspects of product lifecycle management 
(PLM), including design, production planning, product testing using FEA (finite element 
analysis), visualization, product documentation, etc.  CAE encompasses a broad range of 
tools, both those commercially available and those which are proprietary to engineering 
firms. 
(SOUCE: The Columbia Electronic Encyclopedia and Wikipedia encyclopedia.) 
 
3. Business Processes and ICT Usage 
 The usage of computers in business processes includes product design, 
engineering, production, accounting, staffing, procurement, stocks management, and sales.  
The OECD paper ICT and Economic Growth: Evidence from OECD Countries, Industries, 
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and Firms suggests that firms are in a better position to benefit from ICT usage when they 
are also supported by the availability of appropriate skills and the ability to change 
organizational structures, as well as the strength of accompanying innovations in ICT 
applications.  In Malaysia, the usage of computers in firms’ business processes might have 
begun in 1971 when Intel setup its factory in Penang (as its first investment outside the 
US).  For the banking sector, automated teller machines (ATMs) were introduced in 1981, 
followed by “telebanking” (utilizing automated voice response) in the early 1990s and 
“PC-banking” in 1995. 
 
4. Value Added Output 
 This is one of the methods for measuring GDP, introduced by Simon Kuznets in 
1937 in his National Income and Product Account report to the US Congress (for which he 
received the Nobel Prize in Economics 1971).  His method became the prototype for what 
we now call GDP.  This method deducts the cost of materials and intermediate goods and 
services in producing the final output.  The method tries to avoid double counting in the 
computation of GDP since the input used in one firm or sector is already captured as the 
output of other firms or sectors.  For example, steel is an output for the mining industry 
and its value is captured in the GDP data as the output of this industry.  This steel is then 
used by the construction industry.  In the computation of GDP, the cost of steel has to be 
deducted from the value of the final output of the construction industry, and only the value 
added output of the construction industry will be included in the GDP data.  
 
5. ICT-Producing and ICT-Using Industries 
 In Malaysia, ICT-producing industries form a large portion of the manufacturing 
production and exports.  They were also among the highest recipients of foreign 
investments during the 1980s and 1990s.  The OECD definition of ICT-producing 
industries includes the following industries according to the International Standard 
Industry Classification (ISIC) Revision 3:  
Manufacturing 
3000 Manufacture of office, accounting, and computing machinery 
3130 Manufacture of insulated wire and cable 
3210  Manufacture of electronic valves and tubes, and other electronic components 
3220 Manufacture of television and radio transmitters, and apparatus for line telephony 
and line telegraphy 
3230 Manufacture of television and radio receivers, sound or video recording or 
reproducing apparatus, and associated goods 
3312 Manufacture of instruments and appliances for measuring, checking, testing, 
navigating and other purposes, except industrial process control equipment 
3313 Manufacture of industrial process control equipment 
Services – goods related 
5150 Wholesale of machinery, equipment, and supplies 
7123 Renting of office machinery and equipment (including computers) 
Services – intangible 
6420 Telecommunications 
7200 Computer and related activities 
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 With the term “ICT-using industries” they refer to all industries that use ICT in 
their transactions and other business operations.  The OECD paper does not confine the 
meaning of “industries” to manufacturing companies, but instead applies it to all 
businesses. 
 
6. E-Readiness  
 E-readiness is intended to measure the relative position of countries’ preparedness 
to benefit from e-commerce activities. There are various indicators that are used to develop 
the e-readiness index, including Internet penetration rates. For example, the Economist 
Intelligence Unit Limited and IBM Corporation use nearly 100 quantitative and qualitative 
criteria organized into six distinct categories.  The six categories (and their weight in the 
model) and criteria are as follows: 
1. Connectivity and technology infrastructure (weight in overall score: 25%) 
2. Business environment (weight in overall score: 20%) 
3. Consumer and business adoption (weight in overall score: 20%) 
4. Legal and policy environment (weight in overall score: 15%) 
5. Social and cultural infrastructure (weight in overall score: 15%) 
6. Supporting e-services (weight in overall score: 5%) 
 
 The ITU, on the other hand, uses five main indicators in evaluating the ICT usage 
in 178 economies.  The index includes the availability of infrastructure, educational level, 
affordability of access, quality of ICT services, and Internet penetration rates.  The ITU 
classifies countries into one of four digital access categories according to the index score 
from 0 to 1: high (1 to 0.7), upper (0.69-0.50), medium (0.49-0.30), and low (0.29-0).  
Malaysia is ranked in the upper category, with a score of 0.57.  The highest is Sweden with 
0.85, and the lowest is Niger with 0.04, while Japan scores 0.75.  In announcing the results 
of the survey, the ITU recognizes that many countries have used ICT as a development 
enabler and government policies have helped them reach an impressive level of ICT access.  
It also recognizes that the Multimedia Super Corridor initiative helps to put Malaysia in 
the highest digital access index ranking among the developing nations in Asia. 
 
7. E-Business and E-Commerce  
 The term “e-business” was originally coined by IBM back in 1997 as part of an 
advertising campaign.  It means to conduct business on the Internet.  However, this 
definition is potentially misleading and is often confused with the term “e-commerce,” 
which specifically refers to buying and selling products and services online (i.e., a 
component part of e-business).  The Department of Trade and Industry, U.K. has the 
following definition, available at http://www.dti.gov.uk/:  “’E-business’ is used to describe 
how digital networks are used to make the processing of information within and between 
businesses more efficient.  Narrow definitions focus on buying and selling of goods or 
services over electronic networks, such as the Internet.  This might be between businesses, 
between businesses and consumers, or between the public and private sectors.  While the 
sale is transacted electronically, the ultimate delivery of the goods or services may be 
conducted on or off-line.  Broader definitions of e-Business also include ‘process e-
commerce’, which covers activities between businesses for intermediate goods and process 
information done by electronic means.  In a general sense, e-Business describes how 
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companies are using information gathered electronically to improve their business 
processes and relationships with suppliers and consumers. This potentially covers all 
business areas, such as design, production, operations, customer service, as well as buying 
and selling.”  Those definitions suggest that “e-business” has a wider coverage than “e-
commerce.”  They suggest that “e-business” covers the usage of computers in all business 
processes including e-commerce activities, whereas “e-commerce” basically refers to 
“transaction activities,” since the word “commerce” literally means buying and selling 
goods or services.  However, many authors do not differentiate between the two.  
 
8. Production Function  
 Production function is the mathematical relationship between the outputs of a 
firm or economy and the inputs (factors of production) used to produce those outputs.  In 
mathematical notation, it is written as: q = f (L, C, T….), where q is the dependent variable 
(output) and L, C, T, etc., are the independent variables (inputs).  There are three types of 
production function.  In the first type, a production function is increasing returns to scale 
when every additional input will produce output at an increasing rate, shown by equation q 
= aL.C.  In the second type, when that rate of production is constant, it is a constant 
returns to scale, shown by q = aLb.C1-b.  The third type, the diminishing return to scale, has 
a decreasing rate of production, shown as q = aL1/2.C1/2.  In 1927, Paul Douglas observed 
that the distribution of national product between capital and labor had, as a tendency, 
remained constant.  He asked Charles Cobb, a mathematician, if he could find an 
aggregate production that would reward each input, capital and labor, according to their 
marginal product, while maintaining the constant ratio of labor income over capital income.  
Charles Cobb found that a production function of the following type satisfied the 
conditions posed by Douglas:   Yt = F (Kt, Lt) = Ktb(TtLt)1-b , 0 < b < 1,  where Tt is an 
index of available technology.  Since then, this type of production function has been 
known as “Cobb-Douglas.”  In those equations, they suggested that the long-run 
production functions for developed countries are constant returns to scale, because the 
labor and capital share of the total output were constant over time (one of Kaldor’s stylized 
facts of economic growth).   The three different types of production functions are shown in 
the following charts:  
a) Increasing returns to scale  b) Constant returns to scale   c) Diminishing returns to 
scale 
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9.  Accounting for Output Growth (adapted from Colecchia, 2001, OECD) 
 
The paper distinguishes three types of ICT assets: hardware, communication equipment 
and software but for purposes of theoretical exposition, these inputs are lumped together as the 
flow of ICT capital services (KC) as distinct from the flow of non-ICT capital services (KN).  Hence, 
the output growth de-composition is: 
 
dlnQ = εLdlnL + εKNdlnKN + εKCdlnKC + dlnA     (1) 
 
“In (1), εL, εKN and εKC are the elasticities of production of labor, non-ICT and ICT capital, 
respectively. For a cost-minimizing firm and under competitive conditions on factor markets, εL, 
εKN and εKC correspond to cost shares of the different factors of production. Under constant returns 
of scale, total cost equals total revenue, cost shares equal income shares and sum to unity. Call w 
the average compensation per hour of labor input, uC the user cost of a unit of ICT capital services 
and uN the user cost of a unit of non-ICT capital services so that wL/PQ is the income share of 
labour, and uCKC/PQ and uCKN/PQ are the income shares of ICT and non-ICT capital. In (1), the 
rate of change of output is presented as a weighted average of the growth rates of factor inputs, and 
of a multi-factor productivity (MFP) term, dlnA. This rate of MFP change is a Hicks-neutral (input-
augmenting) shift of a production possibility function over time. The contribution of an input to 
output growth is evaluated by its cost or income share multiplied by its rate of volume change. In 
particular, the contribution of ICT capital to output growth is captured by [uCKC/PQ]dlnKC.” 
 
“……..The rate of change of ICT capital input dlnKC as a weighted average of the rates of 
change of its three components: IT equipment, software, communications equipment: 
 
dlnKC  = ∑ I R1 [uiKi / ∑ I R1 uiKi ] dlnKi.      (2) 
 
Thus, uiKi / ∑ I R1 uiKi  is the share of ICT asset i in total income of ICT capital at current 
prices. For the price of capital services, it is given by the user cost or rental price. ..............User 
costs reflect how much would be charged in a well functioning market for a one period-rental of a 
capital good. Thus, ignoring taxes, user costs ui of an asset i are composed of the net rate of return r 
applied to the purchase price of a new asset qi, of the costs of depreciation, captured by the rate of 
depreciation d, and by the rate of change of the asset price itself, as expressed by the term ζ = dlnqi.  
 
u, i = qi [r+di-ζi]        (3) 
 
The expression in brackets represents the gross rate of return on a new capital asset. For 
ICT assets, the gross rate of return tends to be higher than for other assets. This reflects rapid 
obsolescence of ICT assets, which enters the user cost term via changes in purchase prices of new 
capital goods and via depreciation. …….Depreciation rates di reflect the relative loss of an asset’s 
value due to ageing. Note that the entire change in an asset’s value comprises not only the ageing 
effect di  but also the value change implied by a rise or fall of the asset price. Often, the term 
‘depreciation’ is used to denote both the ageing and the price effect. To avoid semantic confusion, 
we follow Hill (2000) and Diewert (2001) and call the value loss associated with ageing cross 
section depreciation and the value loss due to both ageing and expected obsolescence (which 
would incorporate part of the price effect) time series depreciation. Conceptually, the latter 
corresponds approximately to the notion of “consumption of fixed capital” as defined in the 
System of National Accounts. The total amount of depreciation considered in the present paper 
corresponds to cross section depreciation and is given by diqiKi.  .…. In terms of the present 
accounting framework, the level of current-price cross-section depreciation is captured by ∑ I R 
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diqiKi. Current-price net value-added (PNN) is current-price gross value-added minus depreciation 
or  
 
PQ=PNN+∑ I R diqiKi.       (4) 
 
The volume rate of change of net value added is obtained implicitly by differentiating (4) 
with respect to time and presenting the volume rate of change of gross value added as a weighted 
average of the volume rate of change of depreciation and of net value-added. This gives rise to the 
following expression: 
 
dlnQ = vD∑ I R xidlnKi+(1-vD)dlnN      (5) 
 
where vD ≡  ∑ I R diqiKi/PQ is the share of depreciation in total income and where xi ≡  { diqiKi /∑  
I 
R
 diqiKi } is each asset’s nominal share in total cross-section depreciation. The first expression on 
the right hand side of (5) is the volume change of depreciation multiplied by vD, its share in total 
income. The volume rate of change of net value-added is obtained by solving (5) for dlnN. To 
measure the impact of ICT capital accumulation on the difference between the rates of net and 
gross value-added, two effects have to be considered. The first one is the direct effect on volume 
depreciation and income, as captured by vD∑ I R xidlnKi. The second one is the contribution to 
gross output growth associated with ICT capital services. These effects are operating in different 
directions. Whereas a shift towards short-lived, high depreciation assets such as ICT will raise 
volume depreciation and therefore increase the wedge between net and gross value-added, it also 
raises gross output. Both effects must be taken into account when examining the consequence of a 
structural change in investment and capital services. Using (5), we can express the difference 
between the volume change of gross and net value-added as: 
 
dlnQ-dlnN = { vD/(1- vD)}{∑ I R xidlnKi – dlnQ}     (6) 
 
Next, the growth accounting equation (1) is inserted into (6) to account for the effects of 
capital on gross output growth. After some rearrangement, one obtains: 
 
dlnQ-dlnN = { vD/(1- vD)}{ ∑ I R (xi – vKvi)dlnKi-vLdlnL-dlnA}   (7) 
 
To isolate the effects of ICT capital services, Ki (i=1,2,..R1), we set the effects of labor, 
MFP and non- ICT capital goods to zero. This yields, 
 
Effects of ICT capital services on 
 dlnQ-dlnN = { vD/(1- vD)}{∑ I R1(xi – vKvi)dlnKi}    (8) 
 
where vK≡ ∑ I RuiKi/PQ is the capital income share. From (8) it is apparent that the effect of ICT 
capital services on the wedge between volume growth of gross and net value-added is zero when 
the volume growth of depreciation due to ICT equals the volume contribution of ICT to gross 
output growth. The gap widens if the depreciation effects prevail and narrows if the output 
contribution prevails.” 
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Appendix 1.2 
A Discussion of the Concepts of 
 Knowledge Economies, the New Economy, and the Digital Economy 
The purpose of this appendix is to briefly clarify the concept of knowledge 
economies as explained in much literature on the subject.  It is an extension of Appendix 
1.1. 
Before we go any further, let us have some understandings about knowledge itself.  
First we want to ask whether there are any fundamental differences between information 
and knowledge.  Richard G. Harris, in his article, “The Knowledge-Based Economy: Facts 
and Theory,” (which appears in Globalization and the Knowledge Economy: Perspective 
for Malaysia, edited by M. Ariff and Frank Flatters, c2001, MIER), points out that for 
years “knowledge” was treated the same as information, especially in the literature of the 
1960s about market failures.  But the dedicated literature on knowledge suggests that 
knowledge is a much broader concept than information.  Information is the know-what 
and the know-why components of knowledge or codified knowledge, and codifiable 
knowledge is anything that can be stored as a bit string and thus sent along the 
information highway.  A lot of non-codifiable knowledge is tacit; it is embedded in people 
and in a particular context.  In the forms of hierarchical relationship, knowledge is derived 
from synthesizing the available information and data.  Then the amalgamation and 
systemization of knowledge becomes a theory or wisdom. 
Now we move to the subject of knowledge economies.  Philip Cooke, in his book 
Knowledge Economies: Clusters, Learning and Cooperative Advantage, provides this 
definition of knowledge economy.  Cooke suggests that: 
…all human economic activity depends on knowledge so, in trivial sense, all 
economies are ‘knowledge economies’…but...knowledge ages and is superseded 
by new knowledge that ideally requires the stowing away of redundant knowledge 
and the learning of new…thus, knowledge economies are not defined in terms of 
their use of scientific and technological knowledge, including their willingness to 
update old knowledge through learning.  Rather, they are characterized by 
exploitation of new knowledge in order to create more new knowledge.  This need 
not be scientific or technological alone, it can be creative knowledge in the artistic, 
design, or musical senses of knowledge. (pp 3-5) 
He also connects knowledge economies with the digital economy and the new economy 
by saying that: 
In yet another version, the digital economy, the digitization of knowledge, 
meaning its transformation from analogue, real-world images, voice or text into 
digitized form online, on a CD-ROM or floppy disk means the initial form of the 
knowledge becomes a resource in a value chain…The digital economy is an 
aspect of and electronic underpinning to knowledge economies, and they 
constitute what is often more popularly called the “New Economy.”  (pp 5-6). 
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Another author, Don Topscott, in his book, The Digital Economy, has identified 
the special characteristics of the new economy.  He offers twelve distinct themes of the 
new economy, of which knowledge is one.  The twelve themes are as follows:
1. Knowledge     2. Digitization  
3. Virtualization    4. Molecularization                   
5. Integration/Internetworking   6. Disintermediation  
7. Convergence    8. Innovation  
9. Prosumption    10. Immediacy 
11. Globalization    12. Discordance 
 This appendix is not going to elaborate on all these themes, but just highlight 
Topscott’s discussion on knowledge.  He stresses that the new economy is a knowledge 
economy in which the knowledge content of products and services is growing 
significantly as consumer ideas, information, and technology become part of the product.  
Therefore, in the new economy, the key assets of the organization are intellectual assets, 
and they focus on the knowledge worker. 
Robert M. Grant, in his writing, “Shifts in the World Economy: The Drivers of 
Knowledge Management,” (which appears as Chapter Two of the book Knowledge 
Horizon: The Present and the Promise of Knowledge Management, edited by Charles 
Depres and Daniele Chauvel) has conveniently used the term “the new knowledge 
economy,” which looks like a combination of two terms, “the new economy” and “the 
knowledge economy.”  Grant expresses that the defining feature of today’s knowledge-
based economy is the digitization of information.  Digital technologies embodied in 
semiconductors, computers, computer software, and communication systems have 
resulted in a huge reduction in the cost of storing, processing, and transferring explicit 
knowledge.  He also calls this phenomenon “the soft revolution,” which has two main 
elements.  First, knowledge is no longer embodied exclusively in people and capital 
equipment; it is embodied in software.  Software takes the form of recipes, computer 
programs, movies, management systems, and all other codified representations of 
information, science, and creative expression.  Second, the economics of such software is 
fundamentally different from the economic principles associated with traditional factors 
of production.  Traditional factors of production are associated with diminishing returns; 
explicit knowledge is subject to increasing returns.  The explicit knowledge embodied in 
software is costly to create, but once created it can be reproduced and distributed at close 
to zero marginal cost.  In contrast to traditional sources of scale economies, the benefits 
from the specialization and division of labor in Adam Smith’s pin factory, the extent of 
scale economies in movies, recorded music, and computer software is huge.  The 
exploitation of these increasing returns is the primary driver of globalization in today’s 
economy.      
From the perspective of knowledge management, he argues, however, that there is 
nothing fundamentally new about an economy based on knowledge.  He says that all 
major human advances since the beginning of civilization have been based on knowledge.  
The agrarian and industrial revolutions of the eighteenth and early nineteenth centuries 
were also consequences of the development and diffusion of new knowledge.  The basic 
difference is that a greater stock of knowledge supports a far higher level of productivity.  
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He also stresses that what distinguishes the present economy, from a knowledge 
perspective, is the sheer accumulation of knowledge by society, the rapid pace of 
innovation, and, most important, the advent of digital technologies that have had far-
reaching implications for the sources of value in the modern economy.  His argument is 
based on the concept of knowledge in which it exists in two principal forms, explicit and 
tacit, and at two major levels, the individual and the firm.  The major impact of digital 
technologies is in facilitating the systemization of knowledge into codified form, and in 
greatly lowering the cost of its replication.  The systemization of tacit, individually held 
knowledge into explicit, firm-held knowledge is the primary force behind the evolution 
of craft trades into industrial trades.  This process of industrializing craft businesses has 
been the basis of many of the most outstanding business successes of this century.  This 
process of systemizing tacit knowledge is represented in the figure below.   
Figure 1 for Appendix 3:  The Systemization of Knowledge from Craft Enterprises to 
Industrial Enterprises 
 
 
 
 
 
 
 
 
 
(Source:  The above-mentioned book, pp 33.) 
 
He provides four examples of transforming craft enterprises into industrial 
enterprises, but here only two of them are quoted: 
• Henry Ford’s mass production system for the manufacture of automobiles took 
the tacit knowledge of skilled craftsmen and embodied it in machine tools and an 
industrialized system that could be replicated throughout the world. 
• Ray Kroc’s genius was in recognizing the potential for converting the McDonald 
brothers’ San Bernardino hamburger joint into a system that could be replicated 
many thousands of times over in a global chain of franchised hamburger 
restaurants. 
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In conclusion, although “the knowledge economy” is a new term coined by many 
authors, in essence it is not a totally new concept.  It seems that from the basic definition 
of “knowledge,” the knowledge economy has a longer history and wider context than the 
concept of the digital economy.  From the present perspective on the knowledge economy, 
however, the advancement in information and communication technology is its most 
recent prominent feature.  The new thing in the knowledge economy is the intensification 
of knowledge content within modern products and services that tremendously improves 
productivity and quality of life.  This is why some authors relate the knowledge economy 
closely to the digital economy or the new economy. 
Similarly, the elaborations about the new economy in some literature are greatly 
connected to the technological progress brought about by the advancement in information 
and communications technology.  Therefore, many authors treat the term “new economy” 
as a synonym of the term “digital economy.”    
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Appendix 1.3 
 
VISION 2020: Malaysia as a Fully Developed Country - One Definition 
 
 As mentioned in Chapter 1 (section 1.6.1), this plan spelled out some economic 
development targets and was said to be a prime motivation behind the creation of the 
Multimedia Super Corridor (MSC) project.  For a quick description of this vision, 
perhaps it is best to look at the speech given by the Prime Minister of Malaysia 
during the launching of the plan in 1991.  The speech mentioned how Malaysia 
would set its future socio-economic path based on its past history and performance.  
The excerpts from the speech are as follows: 
 
• By the year 2020, Malaysia can be a united nation with a confident Malaysian society, 
infused by strong moral and ethical values, living in a society that is democratic, liberal and 
tolerant, caring, economically just and equitable, progressive and prosperous, and in full 
possession of an economy that is competitive, dynamic, robust, and resilient.  
• There can be no fully developed Malaysia until we have finally overcome the nine central 
strategic challenges that have confronted us from the moment of our birth as an independent 
nation.  
• The first of these is the challenge of establishing a united Malaysian nation with a sense 
of common and shared destiny.  This must be a nation at peace with itself, territorially and 
ethnically integrated, living in harmony and full and fair partnership, made up of one Bangsa 
Malaysia with political loyalty and dedication to the nation.  
• The second is the challenge of creating a psychologically liberated, secure, and developed 
Malaysian Society with faith and confidence in itself, justifiably proud of what it is, of what 
it has accomplished, robust enough to face all manner of adversity.  This Malaysian Society 
must be distinguished by the pursuit of excellence, fully aware of all its potentials, 
psychologically subservient to none, and respected by the peoples of other nations.  
• The third challenge we have always faced is that of fostering and developing a mature 
democratic society, practicing a form of mature, consensual, community-oriented Malaysian 
democracy that can be a model for many developing countries.  
• The fourth is the challenge of establishing a fully moral and ethical society whose 
citizens are strong in religious and spiritual values and imbued with the highest of ethical 
standards.  
• The fifth challenge that we have always faced is the challenge of establishing a matured, 
liberal, and tolerant society in which Malaysians of all colors and creeds are free to practice 
and profess their customs, cultures and religious beliefs, and yet feeling that they belong to 
one nation.  
• The sixth is the challenge of establishing a scientific and progressive society, a society 
that is innovative and forward-looking, one that is not only a consumer of technology, but 
also a contributor to the scientific and technological civilization of the future.  
• The seventh challenge is the challenge of establishing a fully caring society and a caring 
culture, a social system in which society will come before self, in which the welfare of the 
people will revolve not around the state or the individual, but around a strong and resilient 
family system.  
• The eighth is the challenge of ensuring an economically just society.  This is a society in 
which there is a fair and equitable distribution of the wealth of the nation, in which there is 
full partnership in economic progress.  Such a society cannot be in place so long as there is 
the identification of race with economic function, and the identification of economic 
backwardness with race.  
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• The ninth challenge is the challenge of establishing a prosperous society with an 
economy that is fully competitive, dynamic, robust, and resilient.  
• We have already come a long way towards the fulfillment of these objectives.  The nine 
central objectives listed need not be our order of priorities over the next three decades.  Most 
obviously, the priorities of any moment in time must meet the specific circumstances of that 
moment in time.  
• But it would be surprising if the first strategic challenge which I have mentioned, the 
establishment of a united Malaysian nation, is not likely to be the most fundamental, the 
most basic.  
• Since much of what I will say this morning will concentrate on economic development, 
let me stress yet again that the comprehensive development towards the developed society 
that we want --however each of us may wish to define it-- cannot mean material and 
economic advancement only.  Far from it.  Economic development must not become the be-
all and the end-all of our national endeavors.  
• Since this Council must concentrate on the issues of economic development and 
economic social justice, which for this nation must go hand in hand for the foreseeable 
future, let me expand on the perception of the central strategic challenges with regard to 
these two vital objectives.  
• At this point it is well to define in greater detail the objective of establishing an 
economically just society.  
• Of the two prongs of the NEP, no one is against the eradication of absolute poverty, 
regardless of race and irrespective of geographical location.  All Malaysians, whether they 
live in the rural or the urban areas, whether they are in the south, north, east or west, must be 
moved above the line of absolute poverty.  
• This nation must be able to provide enough food on the table so that not a solitary 
Malaysian is subjected to the travesty of gross under-nourishment.  We must provide enough 
by way of essential shelter, access to health facilities, and all the basic essentials.  A 
developed Malaysia must have a wide and vigorous middle class and must provide full 
opportunities for those in the bottom third to climb their way out of the pit of relative 
poverty.  
• The second prong, that of removing the identification of race with major economic 
function, is also acceptable, except that somehow it is thought possible to achieve this 
without any shuffling of position.  If we want to build an equitable society, then we must 
accept some affirmative action.  This will mean that in all the major and important sectors of 
employment, there should be a good mix of the ethnic groups that make up the Malaysian 
nation.  By legitimate means, we must ensure a fair balance with regard to the professions 
and all the major categories of employment.  Certainly, we must be as interested in quality 
and merit.  But we must ensure the healthy development of a viable and robust Bumiputera 
commercial and industrial community.  
• A developed Malaysia should not have a society in which economic backwardness is 
identified with race.  This does not imply individual income equality, a situation in which all 
Malaysians will have the same income.  This is an impossibility, because by sheer dint of 
our own individual effort, our own individual upbringing, and our individual preferences, we 
will all have different economic worth, and will be financially rewarded differently.  An 
equality of individual income as propounded by socialists and communists is not only not 
possible, it is not desirable and is a formula for disaster.  
• But I do believe that the narrowing of the ethnic income gap, through the legitimate 
provision of opportunities, through a closer parity of social services and infrastructure, 
through the development of the appropriate economic cultures, and through full human 
resource development, is both necessary and desirable.  We must aspire by the year 2020 to 
reach a stage where no one can say that a particular ethnic group is inherently economically 
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backward and another is economically inherently advanced.  Such a situation is what we 
must work for efficiently, effectively, with fairness, and with dedication.  
• "A full partnership in economic progress" cannot mean full partnership in poverty.  It 
must mean a fair balance with regard to the participation and contribution of all our ethnic 
groups-- including the Bumiputeras of Sabah and Sarawak-- in the high-growth, modern 
sectors of our economy.  It must mean a fair distribution with regard to the control, 
management, and ownership of the modern economy.  
• In order to achieve this economically just society, we must escalate dramatically our 
programs for national human resource development.  There is a need to ensure the creation 
of an economically resilient and fully competitive Bumiputera community so as to be on par 
with the non-Bumiputera community.  There is need for a mental revolution and a cultural 
transformation.  Much of the work of pulling ourselves up by our bootstraps must be done 
ourselves.  In working for the correction of the economic imbalances, there has to be the 
fullest emphasis on making the needed advances with speed and with the most productive 
results-- at the lowest possible economic and societal cost.  
• With regard to the establishment of a prosperous society, we can set many “aspirational” 
goals.  I believe that we should set the realistic (as opposed to aspirational) target of almost 
doubling our real gross domestic product every ten years between 1990 and 2020 AD.  If we 
do this, our GDP should be about eight times larger by the year 2020 than it was in 1990.  
Our GDP in 1990 was 115 billion Ringgit.  Our GDP in 2020 should therefore be about 920 
billion Ringgit in real (1990 Ringgit) terms.  
• This rapid growth will require that we grow by an average of about 7% (in real terms) 
annually over the next thirty years.  Admittedly, this is an optimistic projection, but we 
should set our sights high if we are to motivate ourselves into striving hard.  We must guard 
against growth fixation, the danger of pushing for growth figures oblivious to the needed 
commitment to ensure stability, to keep inflation low, to guarantee sustainability, to develop 
our quality of life and standard of living, and the achievement of our other social objectives.  
It will be a difficult task with many peaks and low points.  But I believe that this can be done.  
• In the 1960s, we grew by an annual average of 5.1%; in the 1970s, the first decade of the 
NEP, Malaysia grew by an average of 7.8%; in the 1980s, because of the recession years, we 
grew by an annual average of 5.9%.  
• If we take the last thirty years, our GDP rose annually in real terms by an average of 
6.3%.  If we take the last twenty years, we grew by an annual average of 6.9 %.  What is 
needed is an additional 0.1% growth.  Surely if we all pull together, God willing, this 0.1% 
can be achieved.  
• If we do succeed, and assuming roughly a 2.5% annual rate of population growth, by the 
year 2020, Malaysians will be four times richer (in real terms) than they were in 1990.  That 
is the measure of the prosperous society we wish and, hopefully, we can achieve.  
• The second leg of our economic objective should be to secure the establishment of a 
competitive economy.  Such an economy must be able to sustain itself over the longer term, 
must be dynamic, robust, and resilient.  It must mean, among other things: a diversified and 
balanced economy with a mature and widely based industrial sector, a modern and mature 
agriculture sector, and an efficient and productive and an equally mature services sector; an 
economy that is quick on its feet, able to quickly adapt to changing patterns of supply, 
demand, and competition; an economy that is technologically proficient, fully able to adapt, 
innovate, and invent, that is increasingly technology intensive, moving in the direction of 
higher and higher levels of technology; an economy that has strong and cohesive industrial 
linkages throughout the system; an economy driven by brain-power, skills, and diligence, in 
possession of a wealth of information, with the knowledge of what to do and how to do it; an 
economy with high and escalating productivity with regard to every factor of production; an 
entrepreneurial economy that is self-reliant, outward-looking and enterprising; an economy 
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sustained by an exemplary work ethic, quality consciousness, and the quest for excellence; 
an economy characterized by low inflation and a low cost of living; an economy that is 
subjected to the full discipline and rigor of market forces.  
• Most of us in this present council will not be there on the morning of January 1, 2020.  
Not many, I think.  The great bulk of the work that must be done to ensure a fully developed 
country called “Malaysia” a generation from now will obviously be done by the leaders who 
follow us, by our children, and grandchildren.  But we should make sure that we have done 
our duty in guiding them with regard to what we should work to become.  And let us lay the 
secure foundations that they must build upon. 
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Appendix 2.1 
 
 
Basic Economic Data on Malaysia 
 
 
Table 1: Real GDP by Aggregate Demand, 2002-2004 (in 1987 Real Prices) 
 Change 
 (%) 
Share of GDP 
 (%) 
 2002 2003 20041 2002 2003 20041 
GDP 4.1 5.6 5.5-6.0    
Domestic Demand2 4.2 5.0 4.7 89.6 90.0 89.4 
Private Expenditure 0.7 4.6 7.5 56.8 56.9 58.0 
Consumption 4.4 5.2 7.0 465 46.8 47.5 
Investment -13.1 2.0 9.9 10.3 10.1 10.5 
Public Expenditure 19.8 5.8 -0.1 32.8 33.1 31.4 
Consumption 12.2 1.2 4.9 14.3 14.6 14.6 
Investment 9.8 4.6 -4.1 18.5 18.5 16.8 
Change in Stocks - - - 1.6 0.7 0.9 
External Sector -18.9 10.2 9.9 8.8 9.3 9.7 
Export3 3.6 1.0 5.9 107.5 103.9 104.4 
Import3 6.2 0.2 5.6 98.7 94.6 94.7 
GDP (RM Billion, 
Current Value) 
380.7 385.8 411.1    
Change (%) 7.9 7.0 6.6    
1. Estimates 
2. Excluding change in stocks 
3. Goods and non factor services 
(Source: Economic Report 2003/2004, the Ministry of Finance of Malaysia and the 
Department of Statistics of Malaysia.) 
 
 
Table 2: Real GDP by Sector, 2002-2004 (in 1987 Real Prices) 
 Change 
 (%) 
Share of GDP Value 
Added 
 (%) 
 2002 2003 20041 2002 2003 20041 
Agriculture2 3.0 2.3 3.0 8.4 8.2 8.0 
Mining 3.7 4.5 3.5 7.2 7.2 7.1 
Manufacturing 4.0 6.5 7.2 30.1 30.6 31.1 
Construction 2.3 2.5 2.6 3.3 3.3 3.2 
Services 4.1 4.2 5.5 57.0 56.8 56.8 
(-) Imputed Bank Service 
Charges 
5.3 5.7 6.9 8.5 8.6 8.7 
(+) Import Duties 16.7 2.6 7.1 2.5 2.5 2.5 
GDP 4.1 5.6 5.5-6.0 100 100 100 
1. Estimates 
2. Include forestry, fishing, livestock and horticulture 
(Source: Economic Report 2003/2004, Ministry of Finance of Malaysia and 
Department of Statistics of Malaysia.) 
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Table 3: Real GDP for Selected Countries, 2002-2003 (% Annual Change) 
 
 2002 2002 2003 2003 
  Q1 Q2 Q3 Q4  Q1 Q2 Q3 Q4 
Developed 
Economies 
 
US 2.4 4.7 1.9 3.4 1.3 3.1 2.0 3.1 6.2 4.1 
Japan -0.4 -1.5 4.6 4.2 -0.5 2.7 2.5 3.4 2.5 7.0 
UK 1.6 1.4 1.8 2.3 2.1 2.0 2.1 1.0 1.9 2.5 
Euro Area 0.8 0.4 0.8 1.0 1.2 0.4 0.7 0.2 0.4 0.6 
NIEs  
South Korea 6.3 6.2 6.6 5.6 6.8 2.9 3.7 1.9 2.3 3.6 
Hong Kong 2.3 -0.5 2.8 3.3 6.0 2.9 3.7 1.9 2.3 3.6 
Taiwan 3.6 1.2 4.0 4.8 4.2 3.2 3.5 -0,1 4.2 5.2 
Singapore 2.2 -1.4 3.2 3.5 2.8 1.1 1.7 -3.9 1.7 4.9 
ASEAN 4  
Thailand 5.4 4.4 5.5 5.8 6.0 6.7 6.7 5.8 6.6 7.8 
Philippines 4.4 3.8 4.1 3.0 5.8 4.9 4.5 4.0 3.1 4.5 
Indonesia 3.7 2.7 3.9 4.3 3.6 4.1 4.4 3.6 4.0 4.4 
Malaysia 4.1 1.3 4.0 5.8 5.4 5.6 5.0 4.7 6.1 6.6 
(Source: IMF) 
 
 
 
 
 
  Appendix 2.2 
--------------------------------------------------------------------------------------------------------------------------------- 
 
 125
Appendix 2.2 
 
Contribution of the ICT-Related Manufacturing Sub-Sector to Malaysian Economic 
Transformation 
 
 This appendix intends to provide a brief description of the role of ICT manufacturing 
in Malaysian economic development.   
 
 It has been observed that the share of the manufacturing sector in the Malaysian 
economy has increased markedly from 8.6% in 1960 to become one-third of the GDP in 
2000.  An important contributing factor in this development is the growth of ICT-related 
manufacturing activities.  ICT-related products contributed more than 50% of the total 
manufacturing output in 2000, whereas there was no ICT manufacturing in 1970.  
Consequently, the share of the manufacturing sector increased from 8.6% in 1960 to 32.6% 
in 2000.  Conversely, the agriculture sector has decreased from 40.5% in 1960 to 8.8% in 
2000.  The data in Table 1 are illustrated in Figure 1. 
 
 Similarly, ICT-related products have dominated exports, accounting for more than 
half of the exports during 1990s.  This has helped the manufacturing sector increase its share 
of exports from 11.9% in 1970 to 85.6% in 2000, as indicated in Table 2.  Figure 2 shows 
this transformation more clearly.  
 
 
Table 1: Changes in GDP Composition, 1960-2000 
  1960 1970 1980 1990 2000 
Services 41.8 45.6 41.1 42.0 48.4 
Construction 3.0 3.4 4.8 3.5 3.4 
Manufacturing 8.6 14.8 20.2 26.5 32.6* 
Mining 6.1 6.5 10.4 9.6 6.8 
Agriculture 40.5 29.7 23.5 18.4 8.8 
Note:   *53.5% of manufactured goods are ICT-related products (electronics and electrical). 
(SOURCE:  Yearly Economic Report of the Ministry of Finance of Malaysia.) 
 
 
Figure 1:  Changes in GDP Composition 
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 (SOURCE:  Yearly Economic Report of the Ministry of Finance of Malaysia.) 
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Table 2: Changes in Exports Composition, 1960-2000  
% of Total Export 1960 1970 1980 1990 2000 
Manufactured Goods* ** 11.9 22.4 58.8 85.6 
Crude Oil and Gas*** 0 3.9 23.8 16.7 5.8 
Palm Oil 1.7 5.1 9.2 5.5 2.7 
Forestry 5.3 16.3 14.1 8.9 1.0 
Rubber 55.1 33.4 16.4 3.8 0.7 
Tin 14.0 19.6 8.9 1.1 0.1 
Others** 23.9 9.8 5.2 5.2 4.1 
Total (%) 100 100 100 100 100 
Total Export (RM million) 3,633 5,163 28,172 79,646 373,270
RM for 1US Dollar 2.5 2.5 2.5 3.8
Note:   
*     ICT-related goods (semiconductors, electronic equipment, and parts) constituted 51.5% of the total 
exports of manufactured goods in 2000, and 52.1% in 2003.   
**    In 1960 Manufactured goods were lumped together with “others” by the source agency. 
*** Malaysia began to export petroleum in 1968 and liquid natural gas (LNG) in 1973.  For 2000 data, 
LNG is included. 
(SOURCE:  Author’s computation is based on various Economic Reports of the Ministry of Finance of 
Malaysia.) 
 
 
 
Figure 2: Changes in Exports Composition, 1970-2000  
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ICT-related products (semiconductors, electronic equipment, and parts) constituted 51.5% of the total 
exports of manufactured goods in 2000.  There were no such exports in 1970. 
 (SOURCE:  Author’s drawing based on data from economic reports of the Ministry of Finance of Malaysia.) 
  
 The implosion of the IT bubble and the collapse of the NASDAQ market in March 
2000 also affected ICT manufacturing performance in Malaysia.  Electrical and electronics 
products registered the highest growth in 2000, but then the delayed effect of the implosion 
caused production in these sectors to drop sharply, minus 20.1% in 2001.  This abrupt 
change not only caused problems for ICT companies, but other sectors of the economy have 
also felt the heat, and economic growth subsequently slowed from 8% in 2000 to slightly 
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above 0% in 2001.  The fall, however, was cushioned by the growth in domestic-oriented 
industries.  Otherwise GDP growth would have been dragged into the negative zone.  
 
 Fortunately, the delayed effect of the implosion of the IT bubble was not prolonged, 
and it peaked in 2001.  By 2002, the global market for electrical and electronic equipment 
(E&E) had improved slightly.  The recovery of E&E equipment sales worldwide in 2002 
was led by an increase in demand for cellular phones (420 billion units), hard disk drives 
(200 billion units), optical disk drives (180 billion units) and video game devices (60 billion 
units).  The recovery has greatly benefited the ICT sector in Malaysia, where for the year 
2002: 
 
• The sector received the largest new foreign investment (63%). 
• This sector was the largest contributor to manufactured exports (68.4%). 
• Export of automated data processing machines grew by 34.6%. 
• Export of semiconductor devices (ICs) grew by 18.3%. 
• Export of E&E products increased by 5.1%. 
• There were 193 E&E projects approved.  Foreign-owned projects accounted for 
66.8%. 
 
Foreign investments in Malaysia, in particular Japanese and American investments, 
have played a significant role in stimulating ICT production in Malaysia since the 1970s.  
Intel’s first investment outside the US was in Malaysia in 1971, while one of the 
Matsushita’s earliest investments outside Japan was in Malaysia in 1972.  Even after the IT 
bubble, Japanese and American investors have continued to focus on the ICT sector.  Table 
3 and Figure 4 indicate that in 2002, more than 60% of Japanese investments and 70% of 
American investments in Malaysia are in ICT-related products. 
 
Figure 3: Approved FDI Projects in the Manufacturing Sub-Sectors 
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(SOURCE: The Malaysian Industrial Development Authority.) 
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Table 3:  Japanese and American Investment Focus in Malaysia, 2002 
E&E Chemicals Beverages Others US 
RM 894m (70.9%) RM 178m (14.1%) RM 98m (7.8%) RM 91m (7.2%) 
E&E Scientific and Machinery Transport Others 
Japan 
RM 459m (63.8%) RM 112m (15.5%) RM 51m (7.1%) RM 98m (13.6%) 
(SOURCE: The Malaysian Industrial Development Authority.)  
 
Figure 4: Japanese and American Investment Focus in Malaysia, 2002 
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(SOURCE: The Malaysian Industrial Development Authority.) 
 
 ICT-producing industries continue to show high growth, and it is estimated that ICT-
producing industries in Malaysia will grow by 12% in 2004.  Based on the available data, it 
is quite clear that the economic transformation and the change in the structure of exports 
have significantly contributed to the economic growth over the last thirty years.  In this 
transformation, the usage of resources shifted from low value added economic activities 
(agriculture and prime commodities) to manufacturing activities that have relatively high 
value added.  As a result, in the 1970s and 1980s, average annual growth was 6.9%, stronger 
than the previous decade.  In the first half of the 1990s, economic growth accelerated further, 
growing annually by 9.4%, before slowing down in the second half to an average of 5.5% 
per annum due to the Asian currency crisis of 1997.  With these growth rates, the economy 
has doubled in roughly every 9 to 12 years, and ICT-producing industries have played a vital 
role in this achievement. 
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Appendix 3.1 
 
Analysis of the Productivity of a Specific ICT-Related Sub-Sector  
 
This appendix intends to provide analysis of the productivity of a specific ICT 
sub-sector for the period of 1981 to 2000.  The specific ICT-related sub-sector 
represented is semiconductor manufacturing.  The results for the whole manufacturing 
sector are tabulated in Table 1, while the results for the specific ICT-related sub-sector 
are illustrated in Table 2. 
  
 The results in Tables 1 and 2 are derived by using linear regression analysis on 
data on output per labor and capital per labor in the whole manufacturing sector and the 
specific ICT-related sub-sector.  This estimation shows how much additional output can 
be generated by an additional investment per labor, which is indicated by the value of b1, 
shown in the last column of Tables 1 and 2.  Table 1 shows the value for b1 is 2.1271, 
meaning that one ringgit investment per labor produces RM 2.127 worth of marginal 
product per labor.  For the specific ICT-related sub-sector, by applying the same 
approach, the results show that the value of b1 is 3.3995, suggesting that one ringgit 
investment per labor produces RM 3.399 worth of marginal output per labor.  Thus, the 
specific ICT-related sub-sector experienced 1.6 times better productivity than the whole 
manufacturing sector during the last two decades. 
 
Table 1: Linear Regression to Estimate Marginal Output of Capital:  
The Manufacturing Sector, 1981-2000 
(SOURCE:  Author's computation based on data from the Statistics Department of Malaysia.) 
 
Table 2: Linear Regression to Estimate Marginal Output of Capital: 
 The Specific ICT-Related Sub-Sector, 1981-2000 
(SOURCE:  Author's computation based on data from the Statistics Department of Malaysia.) 
 
 In an effort to standardize data collection, Malaysia’s Statistics Department 
adopted the OECD definition of “ICT producing industries” in 2000.  Data from the first 
survey based on the OECD definition was published in 2002, and gave a preliminary 
estimate of the ICT sector output and value added for the year 2000.  The survey covered 
19,702 manufacturing companies, including 637 ICT companies.  The survey helps this 
study make a deeper comparison between the productivity of the specific ICT sub-sector 
and the rest of the manufacturing sector.  For this purpose the study undertakes the 
following comparisons: 
Dependent: Output per Labor, 1981-2000      
Independent: Capital per Labor, 1981-2000  
Mth Adj.R2 F   Sig.  b0       b1 
LINEAR 0.821 452.74  .000 0.1564 2.1271 
Dependent: Gross Output per Labor, 1981-2000      
Independent: Investment per Labor, 1981-2000  
Mth Adj.R2 F   Sig.    b0       b1 
LINEAR 0.805 266.54  .000 -5.5090 3.3995 
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a) Value added per labor 
b) Output per labor 
c) Salary per labor 
d) Output per total investment 
 
   
 
 
 The results of the computation are presented in Table 3.  The ICT-manufacturing 
companies had higher labor productivity, both value added and output per labor 
employed.  They also paid higher salaries to workers and had better asset utilization as 
measured by the output over variable cost and fixed assets.  The data also suggest that 
one unit of labor in the specific ICT-manufacturing sub-sector produces 67% more value 
added and 77% more output value than the rest of the manufacturing sector.  
 
 The productivity of the specific ICT-related sub-sector seems to be more or less 
60% to 70% higher than the rest of the manufacturing sector.  This could be interpreted to 
mean that ICT utilization by the specific ICT-related sub-sector produces some positive 
impact on its productivity.  
 
Table 3:  Comparison of ICT Manufacturing (OECD Definition) and Non-ICT 
Manufacturing, 2000 
 Value Added per Labor   
Output per 
Labor   
Salary per 
Labor   
Output per 
Total 
Investment 
ICT Sub-Sector 
Manufacturing (RM ‘000) 96.976 428.065 17.832 1.050 
Manufacturing  
(RM ‘000) 58.088 241.028 15.911 0.806 
ICT Sub-Sector Versus 
the Rest of the 
Manufacturing Sector 
(Ratio) 1.67:1 1.77:1 1.12:1 1.30:1 
NOTE: The OECD definition of ICT manufacturing is used in the data collection.  
(SOURCE:  Author's computation is based on data from the Statistics Department of Malaysia.) 
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Appendix 4.1 
 
Incentives for and Barriers to Internet Usage for E-Commerce in Malaysia 
 
 
Summary 
  
 Better usage of ICT has been identified as one of the important factors for 
enhancing business efficiency and productivity in the economy.  However, the study has 
observed that despite various initiatives to promote ICT usage, there are still many small 
and medium enterprises (SMEs) in Malaysia that do not use the Internet for e-commerce.  
Thus, in order to move forward, it is necessary to understand the latent factors that 
correlate with the usage of the Internet for transactions, and the factors that have hindered 
or motivated these businesses to engage in e-commerce activities.  For this purpose, this 
study has conducted a questionnaire survey on Internet usage for e-commerce activities 
among firms in Kuala Lumpur and Selangor (the two most developed states in Malaysia), 
and offers some recommendations for intensifying further e-commerce activities.  The 
SMEs constitute more than 80% of registered firms in Malaysia, thus it is envisaged that 
further improving their participation in e-commerce will help improve the country’s 
future prospects for economic growth.1 
 
1. Introduction 
 
 The Malaysian economy has experienced rapid growth for the last three decades.  
For better growth prospects, however, Malaysia cannot afford to rely solely on input 
accumulation; it needs to enhance the service sector and capitalize on ICT usage in all 
sectors so that it can reap the maximum benefits from the activities of the new economy. 
 
 The government recognizes the need to further enhance the economy through e-
commerce activities.  The National ICT Council (NITC) was created in 1994 to function 
as the highest consultative body responsible for coordinating e-commerce-related policy 
initiatives, and to advise the government on its ICT strategy.  In 1996, the government 
launched the Multimedia Super Corridor (MSC) initiative.  A few years down the road, in 
its first international comparative assessment of digital access, “The 2002 Digital Access 
Index,” the International Telecommunication Union (ITU) recognized that the MSC 
initiatives have helped Malaysia reach the highest ranking among developing countries in 
Asia.   
 
 Though Malaysia ranked favorably in the assessment, there is still some room for 
improvement compared to developed countries, in particular in the area of e-commerce.  
With this in mind, this study attempts to make an assessment on the extent, latent factors, 
perceived benefits, and barriers to Internet usage for e-commerce, and to offer some 
recommendations for further enhancing e-commerce activities among small and medium 
enterprises in Malaysia. 
                                                 
1 This paper was presented at the academic meeting of the 41st Annual Meeting of the Japan Section of the 
Regional Science Association (JSRSAI) on September 12, 2004, held at Waseda University, Tokyo.   
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2. Literature Review 
 
 “E-commerce” has a varying definitions, the broadest of which includes all 
financial and commercial transactions that take place electronically, including electronic 
data interchange (EDI), electronic fund transfers (EFT), and all credit/debit card activity.  
The narrowest definition, on the other hand, limits e-commerce to retail sales for which 
the transaction and payment take place on an open network like the Internet.  The OECD 
has created its own definition based on both a broad and narrow scope of e-commerce.  
The OECD stresses that the delivery and payment for e-commerce transactions can be on 
or offline, but the goods and services must be ordered through some kind of computer-
mediated network. Its narrow definition is confined to purchase orders made through the 
Internet, but delivery and payments need not take place online.  While this study also 
acknowledges the wide scope of e-commerce, it is focuses more on one of the vital 
segments of e-commerce that concern the usage of the Internet for sales (“online sales,” 
or receiving orders). 
 
 It is observed that in the OECD countries, the number of businesses involved in 
online sales is less than those involved in online purchases.  For online sales, firms have 
to put in extra effort toward ensuring efficient and reliable delivery systems.  The firms 
also have to maintain interactive, attractive, and user-friendly webpages, whereas having 
Internet access is sufficient for making online purchases.  A wide gap between the 
number of firms involved in online sales and online purchases is observed in Sweden 
(with 10% of firms involved in online sales as opposed to 60% involved in purchases) 
and Finland (18% and 50% respectively) for the year 2002.  In Japan, however, the 
number of businesses involved in online sales and purchases is rather balanced, at around 
20% of all firms for the same year.  Involvement in online sales in the Netherlands was 
about 40% in 2002.  It was also recorded that more than 20% of the firms in Denmark, 
Austria, and Ireland were involved in online sales in 2002.   
 
 The value of online sales in European countries for 2002 ranged from 0.3% to 
3.8% of total sales.  If we take the OECD’s broad definition (i.e., the value of sales 
conducted over all kinds of computer-mediated networks, excluding transactions made by 
the financial sector), it ranged from 0.8% in Greece to 15.1% in Ireland.  In the US, the 
Department of Commerce has reported that online sales were 1.9% of total sales for the 
first quarter of 2004. 
 
 The experiences of OECD countries also suggest that the development of ICT 
usage for e-commerce follows an S-shaped path.  The path is divided into three stages: 
readiness, intensity, and impact, as shown in Figure 1.  The readiness stage is concerned 
with establishing technical, commercial, and social infrastructure availability, while at the 
intensity stage, the usage of ICT is intensified.  In the third stage, impact, ICT usage for 
e-commerce is expected to create value added and multiplier effects in the form of 
efficiency gains, employment, new product development, contribution to wealth creation, 
and so on.  Some of the OECD countries have reached the third stage, and some countries 
climbed the ladder of e-readiness much faster than others.   
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 Based on the Internet access indicator and some e-readiness assessment indexes 
(as produced by the ITU, the APEC, the UNDP, the World Bank, the World Economic 
Forum, the Economist Intelligence Unit, etc.), Malaysia’s position is likely in the 
intensity stage.  Therefore, to reap the highest possible economic impact from e-
commerce, Malaysia needs to climb the ladder of e-readiness faster.  Important in this 
endeavor is stimulating the involvement of SMEs, since they constitute more than 80% of 
the registered business in Malaysia.  This study is an effort to shed some light on the 
progress, impact, and challenges in developing e-commerce in Malaysia. 
 
Figure 1: ICT usage for E-commerce: the S-curve 
 
 
(Source: Based on Figure 1 of the OECD paper Defining and Measuring E-Commerce: A Status Report, 
1999.) 
 
3. Study Methodology 
 
 A questionnaire survey was conducted to assess the current pattern of Internet 
usage for e-commerce among small and medium enterprises (firms with fewer than 300 
employees and sales turnovers of less than RM 15 million)2  in Kuala Lumpur and 
Selangor.  These states have been selected for this study because, out of the fourteen 
states in Malaysia, they are the most developed, and in the government has used them as 
test beds for many special ICT-related initiatives before extending them to other parts of 
Malaysia.  The results of the study will indirectly indicate how much those initiatives 
have affected the pattern of Internet usage in those states. 
 
 SMEs form a large portion of the registered businesses in Malaysia.  Therefore, 
for developing e-commerce activities, it is important to study their experiences and 
perceptions regarding online sales.  Some 800 questionnaires were sent out randomly to 
SMEs using addresses from the Registrar of Companies and the Malay Chamber of 
Commerce.  The Chamber also helped administer part of the survey.  About 64 %, or 513 
firms, responded, but of those, 498 questionnaires are useable for this analysis.  The 
survey was conducted from March 2004 until mid-June, 2004. 
 
                                                 
2 MITI defines SMEs as firms with less than 150 employees and capita/assets/sales less than RM25 million.  
In the US, SMEs are referred to firms with less than 500 employees and capita/assets/sales less than US$5 
million.  In this study, however, firms with less than 300 employees and less than RM15 million sales are 
considered SMEs.   
Level of ICT Usage for E-Commerce 
Impact
Readiness 
Intensity 
Time 
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 The analyses in this study are divided into three parts.  The first part is a 
descriptive analysis of the relationship between different types of firms and their usage of 
the Internet for transactions.  The second part is an analysis to identify the latent factors 
that correlate with Internet usage for transactions, and the third part is an analysis of the 
realized benefits and perceived barriers to Internet usage for transactions. 
 
4. Findings: 
 
4.1 General Findings 
 
 Of the respondents, more than 90% indicated that they have PCs, 71% have 
Internet access, 25% conduct online sales (receive orders through the Internet), and 32% 
have made online purchases (orders for goods and services over the Internet).  Online 
sales represented 3.4% of total sales, and most of the online sales (79%) were business to 
business (B2B).  These findings indicate a prevalent usage of PCs among firms, and that 
most of the firms are connected to the Internet, a portion well above the national average 
of 20 Internet subscribers per 100 inhabitants.    
 
 However, there is still a wide gap between those who use the Internet for e-
commerce and those do not, which indicates the existence of factors that may have 
hindered the extensive involvement of SMEs in e-commerce activities.  To better 
understand the issue, the study examines the latent factors that correlate with Internet 
sales, and the realized benefits and perceived barriers to becoming involved in online 
sales.  Based on these findings, the paper proposes some measures to further stimulate the 
involvement of SMEs in e-commerce activities.   
 
4.2 Profile of Firms and Online Sales 
 
 4.2.1 Types of Businesses 
 
 Table 1 presents a profile of the firms and their patterns of ICT access and usage.  
Firms are classified according to six main types of businesses.  The second column is 
their respective frequencies converted into percentages.  Wholesale/retail firms represent 
31% of the total sample, travel/transport represents 13%, hotel/catering represents 17%, 
construction represents 19%, manufacturing represents 19%, and others represent 9%.  
The third, fourth, and fifth columns are percentages of respondents with PCs, Internet 
access, and online sales.   
 
 Table 1a is a different way of presenting the results.  Table 1a is the product of 
dividing the data in the third, fourth, and fifth columns with the data in the second 
column of Table 1.  The last column of Table 1a shows that 69% of travel/transport and 
one-fifth of wholesale/retail businesses are involved in online sales.  But there are no 
construction businesses involved in online sales.  This could be due to the fact that some 
businesses do not have standardized products or services suitable for online sales.  
Therefore, there should different approaches for getting different types of firms involved 
in e-commerce activities. 
 
  Appendix 4.1 
------------------------------------------------------------------------------------------------------------ 
 135
 
 4.2.2 ICT Skills 
 
 ICT skills also seem to have some relation to the extent of Internet usage.  Data in 
Tables 2 and 2a suggest that firms with fewer ICT literate staff members tend not to use, 
or have a lower usage of, online sales.  Firms in which less than 10% of the staff has ICT 
skills tend not to have good Internet access or Internet usage for sales.  The implication of 
these findings is that on-the-job-training or other forms of training for ICT skills could be 
a plausible measure to further improve Internet usage for e-commerce among SMEs. 
 
Table 2: ICT skills and ICT usage 
Table 2a: ICT skills and ICT usage 
Employees 
with ICT 
Skills (%) 
% of 
Firms with 
PCs 
% of 
Firms with 
Internet 
Access 
% of firms 
with Online 
Sales 
1-10 88 8 0 
11-20 78 44 7 
21-30 100 88 27 
31-40 100 100 100 
41-50 100 100 100 
 
 
 4.2.3 Size of Firms 
 
 Similarly, the pattern of ICT usage seems to follow the size of the firms.  The 
larger firms, measured by the number of employees, tend to capitalize on the Internet 
more in their transactions compared with smaller firms, as indicated in Tables 3 and 3a.  
Thus, any policy measures to encourage Internet usage for e-commerce have to consider 
the nature and the needs of small firms.  A special approach tailored to the nature of these 
firms may be necessary in order to get more of them to engage in online sales. 
 
 Table 3: Number of Employees and ICT Usage 
 
 
Table 1: Type of Business and ICT Usage 
Type of Business %  of Firms %  of  Firms 
with PCs 
% of  Firms 
with Internet Access
%  of  Firms 
with Online Sales
Wholesale/Retail 31 28 14 6 
Travel/Transport 13 13 13 9 
Hotel/Catering 17 12 9 5 
Construction 11 10 8 0 
Manufacturing 19 19 18 3 
Computing and Other Business Services 9 9 9 2 
  100 91 71 25 
Table 1a: Type of Business and ICT Usage 
Type of Business % of  Firms 
with PCs 
% of Firms 
with Internet 
Access 
% of Firms 
with Online 
Sales 
Wholesale/Retail 90 45 19 
Travel/Transport 100 100 69 
Hotel/Catering 71 53 29 
Construction 91 73 0 
Manufacturing 100 95 16 
Computing and Other Business Services 100 100 22 
Employees with 
ICT Skills (%) 
%  of Firms % of Firms 
with 
PCs 
% of Firms
with Internet 
Access 
% of Firms
with  Online 
Sales 
1-10 26 23 2 0 
11-20 27 21 12 2 
21-30 33 33 29 9 
31-40 11 11 11 11 
41-50 3 3 3 3 
  100 91 71 25 
mean=20; median=20; standard deviation=11 
Table 3a: Number of Employees and ICT Usage
No. of 
Employees 
% of Firms with 
PCs 
% of Firms 
with Internet 
Access 
% of Firms with 
Online Sales 
1-60 80 37 7 
61-120 100 100 14 
121-180 100 100 50 
181-240 100 100 100 
241-300 100 100 100 
No. of 
Employees 
% of Firms % of Firms with 
PCs 
% of Firms 
with Internet Access
% of Firms 
with Online Sales
1-60 46 37 17 3 
61-120 29 29 29 4 
121-180 14 14 14 7 
181-240 8 8 8 8 
241-300 3 3 3 3 
  100 91 71 25 
mean=85; median=63;  standard deviation =62 
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 4.2.4 Size of Sales 
 
 Table 4 and Table 4a show how the pattern of online sales also corresponds to the 
size of sales.  Firms with higher sales tend to use online sales more than firms that have a 
lesser value of sales.  This finding again suggests that the size of firms, in this case 
measured by the size of sales, may have some influence on the extent of Internet usage.  
 
Table 4: Size of Sales and ICT Usage 
Total Sales 
(RM Mil.) 
% of 
Firms 
%. of Firms 
with  PCs 
%. of Firms 
with Internet 
Access 
%. of Firms 
with Online 
Sales 
1-3 46 37 17 5 
4-6 34 34 34 9 
7-9 10 10 10 5 
10-12 7 7 7 3 
13-15 3 3 3 3 
  100 91 71 25 
mean=5; median=4; standard deviation =3 
 
 
 4.2.5 Business Maturity 
 
 Lastly, in Tables 5 and 5a, business maturity, measured by the age of the business, 
shows some relation to the pattern of ICT usage. None of the younger firms, less than 
five years old, has Internet sales, whereas PC usage, Internet access, and online sales are 
more prevalent among the older firms.  To hasten the involvement of new firms, a special 
approach is again necessary.  Otherwise, they will follow a natural evolution that will 
take them some time before adopting new technology for e-commerce activities. 
 
Table 5: Age of Business and ICT Usage 
 
 
 
 To assess the relative strengths of the relationships between these factors and 
online sales, a correlation test based on the survey has been conducted, and the results are 
presented in the following sub-section. 
 
4.3 Correlation Analysis 
 
 The correlation analysis is conducted to further test the strengths of the relations 
between online sales and five variables, namely, the value of B2B online sales, the 
number of ICT knowledgeable employees, the number of employees the age of the 
Table 4a: Size of Sales and ICT Usage 
Total Sales 
(RM Mil.) 
%. of Firms 
with PCs 
%. of Firms 
with Internet 
%. of Firms 
with  Online 
Sales 
1-3 80 37 11 
4-6 100 100 26 
7-9 100 100 50 
10-12 100 100 43 
13-15 100 100 100 
Table 5a: Age of Business and ICT Usage
Age of Business 
(Years) 
% of Firms 
with  PCs 
% of Firms 
with Internet 
Access 
% of Firms with 
Online Sales 
1-5 64 9 0 
6-10 88 54 13 
11-15 95 78 19 
16-20 100 100 42 
>21 100 100 78 
Age of Business 
(Years) 
% of Firms % of Firms with 
PCs 
% of Firms with 
Internet Access
% of Firms with 
Online Sales 
1-5 11 7 1 0 
6-10 24 21 13 3 
11-15 37 35 29 7 
16-20 19 19 19 8 
>21 9 9 9 7 
  100 91 71 25 
mean=12; median=13;  standard deviation =6 
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business, and the value of sales.  It is observed that the highest correlation is between the 
value of online sales and the value of B2B online sales (with the correlation coefficient 
R=0.912), followed by the ICT skills among employees (R=0.889), then the size of firms 
(R=0.798), the age of firms (R=0.761), and lastly the value of sales (R=0.643).  The 
probability (p) of the results due to random error is less than 1 per thousand.  
 
 The results of this correlation analysis demonstrate an important clue about the 
direction of the relationship between the value of online sales and tested variables.  All 
correlate positively, albeit at a varying degrees.  Therefore, the government and private 
institutions may want to take these latent factors into account when developing initiatives 
to encourage more SME involvement in e-commerce activities.  
 
 However, understanding the latent factors that correlate with Internet usage for e-
commerce may not yet give sufficient insight and basis to make recommendations.  
Therefore, the study is also designed to allow firms to state their opinions about the 
realized benefits from online sales.  Similarly, for firms that are yet to use the Internet for 
sales, the study asks them to express their opinions regarding factors that may have 
hindered them from using online sales.  The results are highlighted in the following sub-
section. 
 
4.4 Benefits and Barriers to Online Sales 
 
 Eight benefits from online sales are listed below.  They were provided in the 
questionnaire for firms to state their degree of importance.  Firms were asked to indicate 
whether these benefits are of “no importance,” ”some importance,” or “highly important” 
to them based on their experiences. 
a) Company image  
b) Reducing business costs 
c) Speeding up business processes 
d) Improving quality of services 
e) Reaching new customers 
f) Expanding the market geographically 
g) Launching new products,  
h) Keeping pace with competitors 
 
 Benefit a is related to the image or the intangible asset of the firm.  Firms with 
online sales have to develop an attractive and interactive webpage not only to advertise 
their products and for easy interaction with prospective customers, but also to portray the 
right image by providing some extra information about their businesses.  The other seven 
benefits are rather self-explanatory.  While benefits b, c, and d are related to efficiency 
indicators, e, f, and g are the network effect indicators, and h is related to strategies for 
keeping pace with competitors.  It seems that most of those who use online sales have 
stated all the benefits as “highly important,” as shown by the high frequency and high 
mean score.  The mean score is computed by multiplying the frequency with the score (1 
for “no importance,” 2 for “some importance,” and 3 for “highly important”), and 
dividing it by the total number of respondents.  Since the number of respondents is 
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converted into a percentage, the total respondents becomes 100 %.  For example, in Table 
6, the frequency (converted into a percentage) of those who chose “no importance” for 
benefit a is 6, for “some importance” it is 15, and for “highly important” it is 79.  
Therefore, the mean score for benefit a is the sum of (6x1) + (15x2) + (79x3).  The sum 
of 273 is then divided by 100 to get the value of 2.73. 
 
 It seems that all types of firms with online sales agreed that online sales help them 
in various ways.  These findings lend some support to the argument that ICT usage 
should help improve the productivity of firms, since the firms involved in online sales 
have stated that they have gained benefits, in particular in improving business processes, 
reducing costs, and reaching new customers.   
 
Table 6: Benefits from Online Sales 
Frequency (%) 
Benefits 
No ImportanceSome Importance Highly Important 
Mean Score 
a) Company Image  6 15 79 2.73 
b) Reducing Business Costs 0 19 81 2.81 
c) Speeding up Business Processes 0 16 84 2.85 
d) Improving Quality of Services 0 19 81 2.81 
e) Reaching New Customers 0 20 80 2.80 
f) Expanding the Market Geographically 0 21 79 2.79 
g) Launching New Products 4 18 78 2.74 
h) Keeping Pace with Competitors 0 19 81 2.81 
 
 In order to have a balanced assessment, however, the respondents who are yet to 
use online sales were also asked to state their opinions about their perceived barriers to 
online sales.  Seven types of barriers are listed for the respondents to choose from: 
a) The products of the enterprise are not applicable for online sales 
b) Customers are not ready to use Internet commerce 
c) Security problems concerning payments 
d) Uncertainty concerning contracts, terms of delivery, and guarantees 
e) Cost of developing and maintaining an e-commerce system 
f) Logistical problems 
g) Considerations for existing channels of sales 
 
 The results in Table 7 indicate that the respondents are less unanimous in their 
judgments of barriers as compared to the way the respondents voted for benefits.  The top 
three perceived barriers are related to customer readiness (barrier b), security concerns 
(barrier c), and consideration for the existing channel of sales (barrier g).  Barrier a is a 
popular choice among construction firms, while barriers e and f are considered “highly 
important” by most of the small and new firms.  Barriers b, c, d, and g are voted more or 
less the same by all types of firms, that is, with no particular patterns in their choices.   
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Table 7: Barriers to Online Sales 
Frequency (%) 
Barriers No 
Importance 
Some 
Importance 
Highly 
Important 
Mean 
Score 
a. The products of the enterprise are not applicable for Internet sales 20 45 35 2.15 
b. Customers are not ready to use Internet commerce - 24 76 2.76 
c. Security problems concerning payments - 32 68 2.68 
d. Uncertainty concerning contracts, terms of delivery, and guarantees 4 72 24 2.20 
e. Cost of developing and maintaining an e-commerce system 28 48 24 1.96 
f.  Logistical problems 32 52 16 1.84 
g. Considerations for existing channels of sales 6 30 64 2.58 
 
 These findings show a large gap in opinion between those who use online sales 
and those who do not.  Though the barriers could be just problems of perception rather 
than real issues, without any effort to change these perceptions, there will not be much 
improvement in future Internet usage for e-commerce.    
 
 It is important to note that the barrier g may be more than just a perception, 
judging from the high mean score.  It indicates that the current preference of the 
respondents in conducting transactions is through the existing channels of sales.  This 
preference could be interpreted to mean that the Internet has its practical limits in 
conducting sales.  Online sales may add an extra medium of sales, but they are not going 
to replace the existing channel of sales.  Therefore, the policy initiatives may also need to 
consider this reality, and work towards the coexistence of various channels of sales. 
 
5. Conclusions and Recommendations 
 
 Based on the results of the survey, the study offers the following conclusions and 
recommendations: 
• The study has observed that some latent factors (in particular the value of B2B online 
sales, ICT skills among staff, and the size and maturity of firms) correlate positively 
to levels of online sales.  This study also indicates that wholesale/retail and 
travel/transport businesses are among the main users of online sales.  The availability 
of standardized products/services may have allowed some businesses to engage in 
more online sales than other types of businesses.   Wholesale businesses sell their 
standardized products more to other businesses, Travel/transport have a mixture of 
B2B and B2C, and retail businesses use online sales more for B2C sales.  On the 
other hand, it is observed that none of the construction firms have online sales.  Since 
the nature and the price of construction projects are not standardized, it is less 
practical for them to sell their services through the Internet.  So, we can say that 
though the Internet is regarded as an invention that is suitable for all types of 
businesses, big and small, old and new, this study reveals that this is not always the 
case, at least in the context of the businesses covered here. 
• Nonetheless, the results of this survey lend some support to the argument that ICT 
usage should help improve the productivity of firms, since the firms involved in 
online sales have stated that they have gained benefits, in particular in improving 
business processes, reducing costs, and reaching new customers.  This experience 
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shows promising prospects for further improving the productivity of the economy 
when more businesses can capitalize on these benefits.    
• To realize those benefits, it is essential to devise measures to address the barriers 
faced by firms in terms of using the Internet for transactions.  Concerns about security 
for payments, lack of readiness among customers, and consideration for the existing 
channels of sales are among the popular reasons given by the respondents for not 
using online sales.   
• The survey observes that an important prerequisite for more involvement by firms is 
the ability of their employees to handle ICT.  In this regard, it is necessary for those 
who are responsible for promoting ICT usage in Malaysia (be they private 
organizations or government agencies) to provide a greater opportunity for firms to 
train their staffs to use ICT.  Since the size and maturity of firms correlate quite 
strongly with levels of online sales, government training facilities may need to be 
made available to small and new firms.  Increased awareness among firms will 
change their attitudes toward using ICT in their business processes.   
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Appendix 4.2 
 
Factors that Correlate with ICT Usage: 
The ASEAN, East Asian, and Malaysian Economies 
 
Summary 
 
 The experiences of some countries suggest that prevalent and effective usage of 
ICT by businesses has helped improve the productivity of their economies.  There are 
many factors that influence the extent and diffusion of ICT usage, and the inherent 
differences in those factors have assisted some countries in achieving a better level of 
ICT usage, thus enabling them to gain the most benefit from it in a shorter span of time.  
This study examines and clarifies some of these factors in the context of 15 ASEAN and 
East Asian countries, as well as in 15 Malaysian states.  Taking into account these 
varying factors, the study also proposes a different way of assessing e-readiness.1 
 
1. Introduction 
 
 The literature in this field coined the term “e-readiness,” which refers to the 
different levels of countries’ preparedness in making full use of ICT in their economies. 
While this concept is useful in assessing how far away a particular country is from the 
“ideal” environment, it does not fully explain all the factors that may have influenced the 
level of ICT utilization.  In searching for more clues to some of the latent factors that 
affect the level of ICT usage among different countries, this study assesses whether 
factors such as economic structure, income level, infrastructure, and demography have 
affected the level of ICT usage.  Understanding how these factors correlate with ICT 
usage will help us to assess how realistic some policy targets for developing and 
promoting ICT usage among businesses and society are.  For this purpose, the study 
collates the relevant data on fifteen countries in Southeast Asia and East Asia, and 
analyzes them from various angles to measure the strength of relationships between those 
factors and ICT usage variables.  This study also applies a similar assessment to fifteen 
Malaysian states to see whether findings in an international context are applicable to a 
specific country’s case. 
 
2. Review of Literature 
 
 The Economist Intelligence Unit (EIU), in collaboration with IBM Corporation, 
has initiated efforts to assess and compare the level of ICT usage among countries.  They 
have developed an index of e-readiness in which a score of 1 represents the state of 
minimum readiness, and 10 represents the maximum.  The index is based on more than 
ninety qualitative and quantitative factors that center on six main themes: connectivity, 
business environment, consumer and business adoption, legal and policy environment, 
social and cultural infrastructure, and supporting e-services.  The index is introduced with 
the objective of having a common yardstick for measuring the extent to which a country’s 
                                                          
1 This paper was presented at the academic meeting of The Japan Association for Social Informatics (JASI) 
on October 11, 2003, held at Tokyo University of Technology, Hachiyoji, Japan. 
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business environment is conducive to internet-based commercial opportunities.  For its 
2003 e-readiness rankings, Sweden has the highest score (8.7), and Denmark, Finland, 
the Netherlands, UK, and the US have the same score (8.4).  Japan is ranked 24th with a 
score of 7.1, and Malaysia is 33rd , receiving a score of 5.5.  
 
 This initiative has been followed by many others using widely varying definitions 
and methods.  The International Telecommunication Union issued the first global index, 
called “The Digital Access Index” (DAI), for 178 economies.  The index includes the 
availability of infrastructure, educational level, affordability of access, quality of ICT 
services, and Internet usage.  The ITU stresses that its measurement is the most objective 
assessment, since it considers only the quantitative data, while those of other 
organizations include many qualitative aspects in their e-readiness indexes.  The ITU 
classifies countries into one of four categories of digital access achievement: high (1 to 
0.7), upper (0.69-0.50), medium (0.49-0.30), and low (0.29-0).  Malaysia is ranked in the 
upper category, with a score of 0.57.  The highest is Sweden with 0.85, and the lowest is 
Niger with 0.04, while Japan scores 0.75.  In announcing the results of the survey, the 
ITU recognizes that many countries have used ICT as a development enabler, and 
government policies have helped them reach an impressive level of ICT access.  It also 
recognizes that the Multimedia Super Corridor initiative has helped to put Malaysia in the 
highest DAI ranking among the developing nations of Asia.   
 
 Apparently, other organizations (such as the APEC, the UNDP, The World Bank, 
USAID, and the World Economic Forum) have also developed their own assessment 
tools to gauge how ready countries and economies are to benefit from information 
technology and electronic commerce.  Those indexes are basically used for explaining the 
relative positions of e-readiness among countries, how far they are from the maximum 
score, how much time they take to progress, what progress they have made, and in what 
aspects they excel or lag behind compared to other countries.  In this way, the 
organizations that are making comparative assessments and the countries under review 
may find the index useful for making indirect comparisons of the achievements of some 
initiatives vis-à-vis other countries.    
 
 It is observed, however, that despite the complexity of its measurements, the e-
readiness index does not provide empirical evidence to prove the relationship between the 
identified factors and level of ICT usage.  The variables indicating the level of ICT usage, 
such as Internet and computer penetration rates, are given small weights that add up to 
the value of the overall index of e-readiness.  So countries with the same level of e-
readiness do not necessarily have the same level of Internet penetration.  The e-readiness 
index does not provide direct answers to the question of what factors most affect the level 
of ICT usage, though some have argued for the role of government, while others stress 
the role of market forces.  
 
 The other limitation of the e-readiness index is in its assumption that a high value 
index score is the most desirable, and therefore countries should strive to achieve the 
perfect score.  But there are two pertinent questions may arise from this assumption.  
First, how can one justify the desirability of the factors when they are merely based on a 
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qualitative or value judgment by those who make the assessment?  Consider, for example, 
the question of how to determine the best government efforts, and where to draw the line 
between government intervention and the role of market forces.  Secondly, even with the 
quantitative variables, does the perfect score reflect the optimum level for achieving the 
desired benefits?  There could be a level that is less than perfect, but that produces the 
best benefit from investment in ICT, and adding beyond that will only lead to wastage.  
For example, it may not really be necessary for every single worker in the company to be 
supplied with a computer, depending on the nature of the business’s processes.  Thus, 
different businesses may have different optimum levels of usage. 
 
 From the economic analysis point of view, the e-readiness index does not provide 
much meaning.  Many economists are instead looking at the opposite angle of ICT usage; 
they are paying more attention to the impact of ICT investment by firms in terms of 
employment, business creation, efficiency of production, and overall economic growth.   
Comparative studies on the impact of ICT usage on the economy were made possible 
when the OECD took the initiative to standardize data collection among its members2 for 
some economic and ICT usage variables.  The OECD has also developed a conceptual 
model that links the different levels of e-commerce activities with the impact they 
produce on the economy, as depicted in Figure 1.  Through this figure, the OECD 
suggests that as e-commerce activities progress over time from basic readiness to 
increasing intensity of ICT utilization, their economic impact will be more visible or 
measurable.  The impact comes in the form of efficiency gains, employment, new product 
development, and contribution to wealth creation, among others.    
[See Figure 1: The Impact of E-commerce Activities] 
 
 Examples of this approach can be found in many OECD papers, in particular in 
the work of Schreyer (2000), Colecchia (2001), and Pilat (2001).  Their studies on OECD 
countries suggest that ICT utilization (measured the by number of personal computers, 
internet hosts, and servers) has strong correlations with key economic variables (GDP 
and TFP).  Their statistical tests show a mixture of high (more than 0.71) and moderate 
(0.41-0.70) correlation coefficients between ICT utilization variables and economic 
variables.  Though the correlation tests are not a way to prove causality, they show some 
relationships between the variables.  These theoretical relationships are then further 
supported with evidence on the contribution of ICT-using industries 3  to labor 
productivity performance.  Their studies suggest that ICT-using industries have 
contributed significantly to labor productivity during 1989-1999 in Denmark, Finland, 
Germany, Japan, the UK, and the US.   
 
 To sum up this literature review, it is observed that there are two main approaches 
to studying e-readiness.  On one side, studies try to figure out how ready countries are for 
e-commerce activities; the other side looks at the impact of the usage of ICT on the 
                                                          
2The OECD was established in 1961, and now has 30 members. 
3The ICT-using industries encompass all industries that use ICT in their business processes.  However, for 
the purpose of their analysis, the classification of ICT-using industries is confined to items 50-52 
(wholesale and retail trades, and repairs) and 65-74 (finance, insurance, real estate, and business services) 
of the International Standard Industrial Classification [ISIC] Revision 3. 
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economy.  There is also another dimension in studying e-readiness, that is, directly 
assessing the latent factors that have influenced levels of ICT usage.  This study is 
intended to supplement the earlier approaches by assessing e-readiness from another 
angle to yield findings that will hopefully guide the relevant parties (governments and 
businesses) to take a realistic approach in their choice of programs by considering the 
underlying factors that affect ICT usage.  
 
3. Research Approach 
 
 A comparative study using correlation analysis has been carried out to examine 
the factors that explain the different levels of ICT usage among ten Southeast Asian 
nations4 and five East Asian economies (China, Japan, Hong Kong, South Korea, and 
Taiwan).  The same approach is adopted for assessing the usage of ICT in fifteen 
Malaysian states.  The relevant data are gathered form various government and non-
government sources, and are analyzed using the SPSS version 11. 
 
 This study employs the Pearson product moment correlation coefficient, or for 
short, “Pearson coefficient r,” as a statistical tool in assessing the linear association 
between two variables.  The coefficients are ranged from -1 to 1, the negative or positive 
coefficient indicating the direction of the relationship, and its absolute value indicating its 
strength, with larger absolute values indicating stronger relationships.  An equally 
important statistical tool in the correlation analysis is the measure of significance of the 
relationship.  It measures the probability of obtaining results as extreme as the one 
observed.  If the level of significance is very small (less than 0.05) then the correlation is 
significant, and the two variables are linearly related.  
 
 This study also takes some simple linear regressions to supplement the correlation 
analysis.  For each correlation analysis pair, there will be a corresponding simple linear 
regression analysis.  Results of the regression analysis will be reported in the form of beta 
coefficient, R squared, adjusted R squared, and t statistic.  Beta coefficients, also known 
as standardized regression coefficients, are the regression coefficients expressed in 
standardized form.  Transforming the independent variables into standardized form 
makes the coefficients more comparable since they are all expressed in the same units of 
measure.  R squared measures the goodness-of-fit of a linear model, and it is also known 
as the coefficient of determination.  It is the proportion of variation in the dependent 
variable explained by the regression model.  It ranges in value from 0 to 1, the small 
value indicating that the model does not fit the data well.  Since the sample R squared 
tends to optimistically estimate how well the model fits the population, the study also 
computes the adjusted R squared to more closely reflect the goodness-of-fit of the model 
to the population.  To further determine the relative importance of each variable in 
predicting the outcome, the study also evaluates the value of t statistic, the values of 
which should be well below -2 or above +2.  In addition, the study also conducts analysis 
of variance (ANOVA) to estimate how much of the variation in the outcome is accounted 
for by the model, the value of which is F statistic.   
 
                                                          
4Now they are all in ASEAN, a regional grouping established in 1967 by five founding members. 
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 A simple linear regression is a precursor to multiple regressions, carefully 
selecting the independent variables that have minimum or no collinearity5  problems 
(using the Durbin-Watson test).  However, since this study is not intended to develop a 
complex predictive model, the simple regression analyses are thought to be sufficient for 
showing the possible causal relationship between the variables tested to supplement the 
correlation analysis.  
 
 The fifteen countries selected for the sample have varying levels of economic 
development and wide differences in demographic factors and geographical coverage; 
this study assesses how those differences in background affect levels of ICT usage.  In 
addition to the ASEAN countries, the five East Asian countries/economies are also 
included in this study for two reasons.  First, these economies are in different stages of 
development, and adding them into the sample will provide a wider base for the analysis.  
Second, the combined size of their economies, areas, populations, and ICT usage forms a 
large share of the world.  For example, relative to 2000 world data,  these fifteen 
countries make up more than a quarter of the world’s GDP, one third its population, one 
tenth its geographical size, and more than a quarter of the world’s Internet users and fixed 
telephone subscribers.  Put together, these countries form a more balanced mixture of 
various income levels, economic structures, and demographic factors.  Though the 
sample does not represent Asia as a whole, the varying nature of the countries in the 
sample also mirrors some countries outside the sample.  Hence, the findings of the 
analysis may have some relevancy for those countries. 
 
 Similarly, the comparison of fifteen Malaysian states is carried out to examine 
how various levels of economic development and other factors correspond to different 
levels of ICT usage.  Focusing on the Malaysian context, the results of the study help to 
further clarify the latent factors that affect the level of ICT usage in a specific country.   
 
4. Findings and Discussions 
 
4.1 Factors that Explain Different Levels of ICT Utilization in Fifteen ASEAN 
and East-Asian Economies 
 
 Different levels of ICT usage can be observed from the differences inlevels of 
Internet and PC penetration rates.  Those who are developed the e-readiness index argue 
that the Internet penetration rate is not enough to reflect true readiness because many 
other factors are also important.  Quite surprisingly, however, from empirical analysis 
using the correlation test, the relationship between the Internet penetration rate and the e-
readiness score is almost perfect.  The relationship scores 0.987 of Pearson correlation 
coefficient and 0.97 of adjusted R squared, despite the fact that the EIU uses more that 
ninety other factors in forming the e-readiness index. 
 
 In further assessing the relationship between the Internet penetration rate and the 
e-readiness score, the study takes a simple linear regression using the formula:  y = a + 
                                                          
5 Collinearity (or multicollinearity) is an undesirable situation in which the correlations among the 
independent variables are strong. 
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bx.  Where y is e-readiness score, a is the constant or the axis intercept, b is the regression 
coefficient or the slope of the regression line, and x is the Internet penetration rate.  
 
 The result reveals that that a 10% increase in the penetration rate will induce an 
improvement of 1 in the e-readiness.  A visual presentation of the result is shown in 
Figure 2, where eleven countries’ e-readiness scores are regressed with their respective 
Internet penetration rates.  In this computation, other ASEAN members, namely, Brunei, 
Kampuchea, Laos, and Myanmar, are excluded from this computation since they are not 
covered by the EIU e-readiness assessment.  It seems that this variable alone is able to 
explain 98% of the variance in e-readiness scores.  One implication of this finding is that 
though there are many ICT usage variables, the Internet penetration rate can be used as a 
rough measure of the level of ICT usage among countries or within a country.   
 
[See Figure 2: Year 2000 E-Readiness Score and Internet Penetration Rate Correlation 
and Linear Regression Analyses] 
 
 It seems from this test that the Internet penetration rate is a good representation of 
the level of e-readiness or the general level of ICT usage.  As a second step, the study 
then tests the relationship between this variable and a number of economic and 
demographic factors in a simple linear regression analysis.  The descriptive findings of 
the analysis are tabulated in Table 1, the results of the correlation analysis are shown in 
Table 2, and the results of the regression analysis are in Table 3. 
 
The descriptive statistics for 20 variables are arranged according to four main 
categories.  Seven variables are arranged under the ICT usage/infrastructure category, 
another seven are under economic structure, four are under income, and two are under the 
demographic category.  The author’s computation is based on data from the Asian 
Development Bank, the International Telecommunication Union, and various countries’ 
official websites.  The sample shows a wide gap in all variables selected.  Take for 
example the demographic variable, which shows that the population density varied from 
24 persons to 6,680 persons per square kilometer.  The income variables show that the 
GDP PPP ranged from US $1,500 (the lowest) to US $28,000 (the highest).  By ignoring 
these wide differences, studies on e-readiness do not consider the proper context for 
comparative assessment of levels of ICT usage.  
 
[See Table 1: Descriptive Findings on Fifteen ASEAN and East Asian Economies, 2000] 
[See Table 2: Results of Correlation Analysis] 
 
 Taking into account these wide differences, the next step in this analysis is to 
measure the direction and strength of the relationships between these variables.  In this 
exercise, the correlation tests are done on the ICT usage variable (Internet penetration 
rate, shown as Y1 in the leftmost column of Table 2) and some of the above mentioned 
variables (as listed in column 2 of the Table).  The third column from the left contains the 
correlation coefficients arranged by the highest to the lowest value.  All pairs tested have 
confidence levels of 95% to 99%, as indicated in the last column (i.e., outcomes do not 
merely occur by chance), except the industry share of GDP, due to the absence of 
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linearity.  The results show that all factors correlate positively with the ICT usage 
variable, except for the share of agriculture in GDP, labor share in agriculture, and 
poverty rate, which  negatively correlate with the ICT usage variable. 
 
 The following are brief observations on the results of this statistical test. 
 
The Infrastructure Factor 
 
• It is quite logical that telephone density has the strongest correlation with the 
Internet penetration rate (r=0.975), as it has been the main vehicle for Internet access.  
Though Internet access through wireless application protocol (WAP) is available now 
in many countries, its usage is still limited to short messaging services (SMS).  The 
third generation (3G) mobile phone that allows large data transmission has not yet 
been implemented in many countries in the sample.  Yet in some countries, applicants 
for fixed telephone lines have to wait a very long time for installation due to some 
constraints in the telecommunication infrastructure.  In order to circumvent this 
problem, there is a trend among countries in the sample to privatize or to break the 
monopoly of the existing service provider.  However, it is observed that the countries 
in the sample that have low Internet penetration rates are yet to have this policy in 
place, thus hindering prospects for future growth in ICT usage.  
 
The Income Factor 
 
• The strong positive correlation (r=0.896) between GDP PPP per capita and Internet 
utilization implies that income and stage of economic development matter.  This 
finding is not unique to the countries in the study.  Studies by the International 
Telecommunication Union and the OECD have revealed the same pattern of 
correlations.  The income factor is therefore important for the growth of ICT usage.  
Low income countries have to find some creative ways to address this factor, such as 
by encouraging price discrimination and promoting greater competition among 
Internet service providers (ISPs).  There is a tendency for companies to adopt price 
strategies without the government telling them to when there is greater competition.  
In Japan, for example, the ISPs not only have price discrimination schemes, but they 
also take other aggressive marketing strategies, going as far as to provide free 
telephone calls up to a certain value per month to their new clients.    
 
• The income factor is further supported by the negative correlation (r=-0.758) between 
ICT utilization and the poverty rate.  It suggests that poorer countries tend to be 
associated with lower ICT utilization.  At one of the ITU conferences attended by the 
author, representatives from poor countries argued that users in their countries have to 
pay more for Internet access compared to users in developed countries, and suggested 
that the ITU help address the problem.  This has posed a dilemma for the ITU, since 
the cheaper cost for access in developed countries is mainly due to competition, 
economies of scale, and advancements in technology that have brought the price 
down rapidly, whereas poor nations are still far from having all these.   
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The Economic Structure Factor 
 
• The agriculture sector’s share in the GDP and the labor force’s participation in 
this sector correlates negatively with ICT utilization (r=-0.720 and -0.861, 
respectively).  There are at least two possible reasons for this.  First, the wages and 
return to investment in the agriculture sector are low compared to other sectors.  This 
affects the level of income of those involved, which falls back to the income factor, 
where a lower income level is associated with low ICT usage.  The second reason is 
that the agriculture sector is dominated by small-scale farmers, who are slower at 
embracing the opportunities offered by new technology, including ICT, and cannot 
immediately see how the usage of ICT (the Internet in particular) can benefit their 
business operations.  
 
• Conversely, the service sector’s share in the GDP and the labor force’s 
participation in this sector have strong positive correlations (r=0.720 and 0.861, 
respectively).  More developed economies tend to have higher portion of the service 
sector in their GDP, and ICT is becoming an ideal tool to enhance the efficiency of 
the sector.  Some service-related businesses rely heavily on computer-related 
networks as an essential part of their business operations, such as in the finance-
related services.  In Japan, Hong Kong, and Singapore, more than 60% of their 
economies rely on their service sectors, so there is greater potential for ICT usage to 
grow further.   
 
• Surprisingly, however, there is no conclusive correlation between the industry 
sector’s share in the GDP and Internet utilization.  This finding hints that there is a 
non-linear relationship between the two.  Some industries correlate positively with the 
level of ICT utilization, and others do not.  So overall, no clear direction of 
relationship between the variables tested is shown. 
 
• Economic openness, as measured by import and export per capita, indicates a 
positive correlation with ICT utilization (r=0.565). Again this finding may imply the 
influence of economic structure on ICT utilization.  International trading requires fast 
communication, and ICT can serve this purpose well.  Thus, countries with high 
trading activities tend to have greater Internet usage. 
 
The Demographic Factor 
 
• Population in the 15-65 age bracket also correlates positively with Internet 
penetration (r=0.658).  This age bracket represents the most productive portion of the 
labor force or society in general.  This may imply that the need to use ICT facilities 
increases when more people reach adulthood and join the work force.  Nations in the 
sample that have high percentages of young people (aged below 14) tend to have 
lower Internet utilization.   
 
• Population density correlates positively with ICT utilization (r=0.647).  This means 
that high population density nations tend to have higher Internet penetration rates.  
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Hong Kong has the highest population density, and also the highest Internet 
penetration rate.  Laos has the lowest population density and the lowest Internet 
penetration rate.  It suggests that a country with high population density is in a better 
position to use its resources in diffusing ICT utilization to all corners of the country.  
 
 To supplemen the correlation analysis, the next step of the study is to further 
assess the hypothetical causal relationships between the above-mentioned factors with the 
ICT usage variable.  Here the Internet users per 1000 inhabitants for the year 2000 is 
treated as the dependent variable, while the independent variables are the factors listed in 
the second column of Table 3, which is similar to the listing in column two of Table 2.  It 
should be noted here that the results tabulated in this Table 3 are not from the multiple 
regression analysis; they are the results of fourteen simple linear regressions.  The study 
does not conduct a multiple regression analysis because there is an element of 
multicollinearity between the independent variables.  Also, though the demographic 
factors do not have multicollinearity problems, it does not make much sense to include 
them in the multiple regression model, since they are more natural factors, or of a natural 
process.  
 
 Results in Table 3 suggest, in essence,  the varying strengths of causal 
relationships between the tested variables.  For a brief interpretation of the findings, one 
example for each category is selected and elaborated upon here.  Before going any further, 
the normal caveat for the simple linear regression analysis is also applied here, in that the 
prediction made by the model is relevant if we can assume there is no change in the 
factors that affect the dependent variable except the one that is tested.    
 
[See Table 3: Results of Regression Analysis] 
 
Model 1: The Infrastructure Factor 
 
 Assuming that the infrastructure factor is to be used to predict the future level of 
ICT usage, then the following simple regression model is applicable: ICT usage level = 
constant value + (beta coefficient x the level of telecommunication infrastructure).  
If ICT usage is represented by the Internet penetration rate, and the telecommunication 
infrastructure is represented by the telephone penetration rate, now this equation is:  
Internet penetration rate = constant value + (beta coefficient x the telephone penetration 
rate). 
 
 From the third row of Table 5, the beta coefficient for this model is 0.975.  It 
suggests that a 10% increase in the telephone penetration rate will induce a 9.75% 
increase in the Internet penetration rate.  In other words, if there was a policy with the 
target of increasing the Internet penetration rate by 9.75%, telephone accessibility would 
also need to be increased by at least 10%.  Assuming that other factors remained constant, 
without that much improvement in infrastructure, that policy target would not be a 
realistic one.  This model may have some credibility in terms of prediction since the 
value of F statistic is the highest among the variables tested. 
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Model 2: The Income Factor 
 
 Now, assuming that the income factor is to be used to predict the future level of 
ICT usage, the applicable simple regression model is:  ICT usage level = constant value + 
(beta coefficient x the level of income). 
 
 Again, ICT usage is represented by the Internet penetration rate, and the income 
factor it is represented by the GDP PPP per capita.  The equation for this is:  Internet 
penetration rate = constant value + (beta coefficient x the GDP PPP per capita). 
As indicated in the fourth row of Table 5, the beta coefficient for this model is 0.896.  It 
means that a 10% increase in GDP PPP per capita will induce a 8.96% increase in the 
Internet penetration rate. A policy that set a target for a 8.96% increase in the Internet 
penetration rate would have to be supported by measures to increase the income per 
capita by at least 10%.   With no prospects for real income per capita to grow that much, 
and if other factors remained the same, then the policy target would not be realistic.  
Though the value of F statistic is not as high as in the first model, it still suggests some 
credibility in usage, since it is the second largest. 
 
Model 3: The Economic Structure Factor 
 
 The possible regression model for this factor is:  Internet penetration rate = 
constant value + (beta coefficient x the share of services sector in GDP). 
 
 As shown in the fifth row of Table 5, the beta coefficient for this model is 0.873.  
It suggests that a 10% increase in the share of the service sector in the economy will 
induce a 8.73% increase in the Internet penetration rate.  In other words, a policy to 
increase the Internet penetration rate by 9.73% also has to be supported by measures to 
increase the contribution of the service sector to the GDP by at least 10%.  Assuming that 
other factors remained constant, without that much change in the contribution of the 
service sector to the GDP, the target would not be a realistic proposition.  Since the value 
of F statistic is high, this model may have some credibility for usage in prediction. 
 
Model 4: The Demographic Factor 
 
 It does not make much sense to use the demographic factor as a predictor, since it 
is more natural, or less affected by human intervention.  But if we are interested in 
observing how a natural factor plays its part, then the regression model is: ICT usage 
level = constant value + (beta coefficient x change in the demographic factor). 
 
 If ICT usage is represented by the Internet penetration rate, and the change in the 
demographic factor is represented by the percent of the population aged 15-65 years, then 
the regression equation is:  Internet penetration rate = constant value + (beta coefficient x 
the percentage of the population aged 15-65 years). 
 
 As shown in the eleventh row of Table 3, the beta coefficient for this model is 
0.658.  It suggests that a 10% increase in this age group of the population will induce a 
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6.58% increase in the Internet penetration rate.  Obviously, this relationship does not 
have an apparent practical use. 
 
 Now the study turns to Malaysia to see how similar categories of factors affect the 
level of ICT usage there.  If there are similarities, then the findings that are being 
discussed here are relevant for both an international context and a single county context. 
 
4.2 Factors that Explain the Different Levels of ICT Utilization in Fifteen 
Malaysian States 
 
 Applying the same methodology used on the international sample, the results 
from the study on fifteen Malaysian states are shown in the following three tables.  The 
descriptive findings are summarized in Table 4, the correlation analyses in Table 5, and 
the simple regression analyses in Table 6.   
 
[See Table 4: Descriptive Statistics on Fifteen Malaysian States, 2000] 
 
 In Table 4, the descriptive statistics are also arranged according to four main 
categories.  The author’s computation is based on data from the Economic Planning Unit 
of the Prime Minister’s Department, the Ministry of Energy, Multimedia, and 
Telecommunications, and the Statistics Department of Malaysia.  The sample shows a 
wide gap in all the selected variables, but not as wide as in the international comparison.  
Take the demographic variable as an example: the international sample shows that the 
population density varied from 24 to 6,680 people per square kilometer.  In the Malaysian 
context, the range is between 17 and 5,676 people per square kilometer.  For the income 
variable, the international sample shows that the GDP PPP ranges from US $1,500 at the 
lowest to US $28,000 at the highest.  In Malaysia, it is between RM 6,241 and RM 
30,727.  Therefore, it is expected that there will be some differences between the finer 
details of the findings in the international context and those in the Malaysian context.  
 
 The next step in this analysis is to measure the relationship between these 
variables using the Pearson correlation coefficient.  Similarly, in this exercise, the 
correlation tests are done on the ICT usage variable (Internet penetration rate), shown as 
Y1 in the leftmost column of Table 5, and other variables as listed in column 2 of the 
Table.  The third column from the left shows the correlation coefficients arranged from 
the highest to the lowest value.  All pairs tested have confidence levels of 95% to 99 %, 
as shown in the last column (i.e., outcomes do not merely occur by chance), except for 
the industry share in the GDP, due to the absence of linearity.  
  
[See Table 5: Results of Correlation Analysis] 
 
 Similar to what is observed in the international sample, here the results show that 
some factors correlate positively with the ICT usage variable, and some (the share of 
agriculture in the GDP, the dependency ratio, the percentage of the population below 14 
years of age, and the poverty rate) correlate negatively  with the ICT usage variable. 
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 The following are brief observations from these statistical tests.  
The Infrastructure Factor 
 
• Though telephone density does not have the strongest correlation with the Internet 
penetration rate, it is still a strong factor with r=0.730.  The fixed telephone line is 
used as the main vehicle for Internet access in Malaysia. Internet access through 
wireless application protocol is still limited to short messaging services, and the 
newly launched 3G mobile phone is very much in its infancy, and has yet to show any 
impact.  It will be interesting to see how users in Malaysia will react to this new 
technology.  This finding confirms the earlier observation from the international 
sample that the infrastructure is an important factor in influencing the level of Internet 
penetration.      
 
Income Factor 
 
• A fairly strong positive correlation (r=0.756) between GDP per capita and Internet 
utilization is consistent with the observation about the international sample.  The 
income factor and the stage of economic development are among the crucial factors 
for the growth of ICT usage.  
 
• Parallel to the findings on the international sample, the income factor is also further 
supported by the negative correlation (r=-0.609) between ICT utilization and the 
poverty rate.  It suggests that poorer states in Malaysia tend to be associated with 
lower ICT utilization.  Any program introduced to increase the Internet penetration 
rate has to take into account this factor if it is to have a realistic impact.  
 
The Economic Structure Factor 
 
• Similar to the findings in the context of the international sample, the share of the 
agriculture sector in the GDP correlates negatively with ICT utilization (r=-0.646).  
Two reasons cited in the analysis of the international sample are also applicable to the 
Malaysian context.  The wages and the return to investment in the agriculture sector 
are low compared to other sectors.  This affects the level of income of those involved, 
and this falls back upon the income factor that we discussed earlier, where a lower 
income level is associated with low ICT usage.  The second reason is that the 
agriculture sector is dominated by small-scale farmers, who are slower at embracing 
the opportunity offered by new technology, including ICT, and cannot see 
immediately how the usage of ICT (the Internet in particular) can benefit their 
businesses. 
 
• Again, similar to earlier findings, the service sector’s share in the GDP has a strong 
positive correlation of r=0.815.  It implies that the economic structure matters a 
great deal in terms of influencing the level of ICT utilization.  The developed states 
tend to have higher proportions of the service sector in their economies, and in turn 
have higher levels of ICT usage. 
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• Also confirming the earlier finding, there is no conclusive correlation between the 
industry sector’s share in the GDP and Internet utilization.  There is a nonlinear 
relationship between the two, whereas some industries correlate positively with the 
level of ICT utilization and others not.  So overall,  no clear direction of relationship 
between the variables tested is shown. 
 
The Demographic Factor 
 
• It seems that the demographic factors display a stronger correlation with the level of 
ICT usage in Malaysia than in the international sample.  Population in the age 
bracket below 14 years correlates negatively with Internet penetration (r=-0.768).  
As noted earlier, nations that have a high percentage of young people tend to have 
lower Internet utilization.  This is also true in the Malaysian context, where the states 
that have high portions of this age group in their population structure have lower 
levels of Internet penetration.   
 
• Population density correlates positively with ICT utilization (r=0.795).  This means 
that high population density states tend to have higher Internet penetration rates.  The 
same argument may apply here, where states with low population densities will find it 
difficult to bring the necessary infrastructure to areas with sparse populations.  That is 
also why we see that the urbanization rate correlates strongly with the level of 
Internet penetration (r=0.843).  
 
[See Table 6: Results of Regression Analysis] 
 
 The regression analyses here also provide a similar pattern of results to that of the 
international sample.  Without repeating the same argument, the findings here are in line 
with the general pattern of relationships between variables tested, and most of the 
arguments clarifying those relationships are also applicable to the Malaysian context.  
The differences are only in the finer details, which do not change the general ideas 
suggested in the analyses of the fifteen ASEAN and East Asian countries. 
 
5. Conclusion 
 
 The study offers a different angle for looking at the e-readiness concept.  It tries to 
diagnose what makes the level of ICT usage differ among countries.  The analyses of 
fifteen countries in Southeast Asia and East Asia reveal that economic structure, income 
level, and demographic factors affect the level of ICT usage.  There could be other 
factors, but those that are identified in this study are among the main latent determinants.  
Ignoring these factors in assessing levels of e-readiness will lead to some misjudgment in 
proposing measures for improving levels of ICT usage.  Understanding these latent 
factors will assist policy makers in setting more realistic policy targets for promoting ICT 
usage in the economy.    
 
 The leapfrogging approach (involving a big jump in ICT utilization variables) 
may not be a realistic proposition for some developing countries, considering the reality 
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that a lack of strength in terms of the latent factors will set a speed limit on ICT usage in 
an economy.  But to move above the average of their peers, developing countries can 
promote certain initiatives in order to “jump-start” specific areas of ICT utilization by 
carefully selecting their priorities, such as education.  
 
 Based on a closer assessment of each of the Malaysian states, the study confirms 
that the same categories of factors in the international sample are applicable to Malaysia, 
since they correlate similarly with levels of ICT usage.  Therefore, programs to 
encourage ICT usage will need to be based on these differences in latent factors.  This 
study, however, is meant neither to argue the case for government intervention, nor the 
case for market forces to take the lead role in promoting ICT usage.  It depends on how 
effectively the market forces are working; otherwise, government intervention is justified. 
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FIGURES and TABLES: 
 
 
Figure 1:  The Impact of E-commerce Activities 
 
(Source: OECD, Defining and Measuring E-Commerce: A Status Report, 1999) 
 
 
 
Figure 2: Year 2000 E-Readiness Score and Internet Penetration Rate Correlation 
and Linear Regression Analyses 
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Table 1: Descriptive Findings on Fifteen ASEAN and East Asian Economies, 2000 
 
Table 2: Results of Correlation Analysis 
VARIABLES TESTED RESULTS 
ICT Usage Variable Socio-Economic Variables Pearson Correlation 
Coefficient r Significant Level (p)
Y1 Telephones per 100 Inhabitants 0.975 .000 
Y1 GDP PPP per Capita 0.896 .000 
Y1 Service Share in GDP 0.873 .000 
Y1 % of Labor in Non-Agriculture 0.861 .000 
Y1 % of Labor in Agriculture -0.861 .000 
Y1 Poverty Rate -0.758 .001 
Y1 Non-Agriculture Share in GDP 0.720 .002 
Y1 Agriculture Share in GDP -0.720 .002 
Y1 % of Population Aged 15-65 years 0.658 .010 
Y1 Population Density 0.647 .009 
Y1 Export and Import per Capita 0.565 .028 
Y1 Government Expenditure per Capita 0.560 .030 
Y1 TVs per 100 Inhabitants 0.557 .031 
Y1 Industry Share in GDP -0.066 .815 
Note: Sample size=15, and Y1 is the Internet penetration rate, 2000.  
CODE  VARIABLES MINIMUM MAXIMUM MEAN STD. 
DEVIATION 
 ICT USAGE/INFRASTRUCTURE 
VARIABLES  
    
01 Internet Users per 1000 Inhabitants .24 595.62 205.72 240.09 
02 Absolute Number of Internet Users 10,000 56,000,000 10,795,00
0 
17,674,719 
03 International Internet Bandwidth (Megabit per 
Second) 
2 22705 3,597.93 6,027.93 
04 Fixed Telephones per 100 Inhabitants 0.17 55.39 21.45 21.90 
05 Cellular Phones per 100 Inhabitants .02 70.96 26.12 27.05 
06 TVs per 100 Inhabitants .74 68.12 24.86 21.91 
07 Radios per 100 Inhabitants 9.94 98.29 44.08 33.34 
 ECONOMIC STRUCTURE VARIABLES     
08 Agriculture Share in GDP (%) 0 53 17.13 17.94 
09 Non-Agriculture Share in GDP (%) 47 100 82.87 17.94 
10 Industry Share in GDP (%) 14 49 32.40 11.08 
11 Service Share in GDP (%) 25 86 50.73 16.08 
12 Labor Force in Agriculture Sector (%) 0 80 35.33 29.73 
13 Labor Force in Non-Agriculture Sector (%) 20 100 64.67 29.73 
14 Import and Export per Capita (US$) 865 675,400 195,148 213,997 
 INCOME VARIABLES     
15 Government Expenditure per Capita 
(US$ million) 
28 7,125 1,736 2,337 
16 Absolute GDP PPP (US$ billion) 6.2 6,000.0 870.0 1,671.9 
17 Per Capita GDP PPP (US$) 1,500 28,000 11,082 9,839 
18 Poverty Rate  (% of Population) 0 40 16.07 16.25 
 DEMOGRAPHIC VARIABLES     
19 Population Density per Square Kilometer 24 6,680 1,040.3 2,209.9 
20 Population 15-65 Years of Age (%) 54.2 75.3 65.8 6.2 
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Table 3: Results of Regression Analysis 
VARIABLES TESTED RESULTS 
ICT Usage 
Variable Independent Variables 
Beta 
Coefficient R
2 Adjusted R2 t Statistics 
ANOVA   
F Statistics
Y1 Telephones per 100 Inhabitants 0.975 .950 .947 15.8 249.6 
Y1 GDP PPP per Capita 0.896 .802 .787 7.3 52.6 
Y1 Services Share in GDP 0.873 .762 .744 6.5 41.7 
Y1 % of Labor in Non-Agriculture 0.861 .741 .721 6.1 37.3 
Y1 % of Labor in Agriculture 0.861 .741 .721 -6.1 37.3 
Y1 Poverty Rate 0.758 .574 .542 -4.2 17.5 
Y1 Non-Agriculture Share in GDP 0.720 .518 .481 3.7 13.9 
Y1 Agriculture Share in GDP 0.720 .518 .481 3.7 13.9 
Y1 % Population Aged 15-65 Years 0.658 .434 .386 3.0 9.2 
Y1 Population Density 0.647 .418 .374 3.1 9.4 
Y1 Export and Import per Capita 0.565 .319 .267 2.5 6.1 
Y1 Government Expenditure per Capita 0.560 .313 .260 2.4 5.9 
Y1 TV per 100 Inhabitants 0.557 ..310 .257 2.4 5.8 
Y1 Industry Share in GDP 0.066 .004 -.072 -.239 .057 
Note: Sample size=15, and Y1 is the Internet penetration rate. 
 
Table 4: Descriptive Statistics on Fifteen Malaysian, 2000 
 
CODE VARIABLES MINIMUM MAXIMUM MEAN STD. 
DEVIATION 
 ICT USAGE VARIABLES     
01 Internet Subscribers per 100 Inhabitants 1.3 10.4 3.3 2.7 
02 Fixed Telephones per 100 Inhabitants 8.0 40.0 21.1 9.8 
 INCOME VARIABLES     
03 Per Capita GDP (RM) 6,241 30,727 14,744 6,563 
04 Incidence of Poverty (%) 2.0 20.0 8.6 6.4 
 ECONOMIC STRUCTURE 
VARIABLES 
    
05 Agriculture Share in GDP (%) .0 37.0 15.3 12.1 
06 Services Share in GDP (%) 22.0 80.0 42.3 14.9 
07 Industries Share in GDP (%) 20.0 67.0 42.3 12.6 
08 Non-Agriculture Share in GDP (%) 63.0 100.0 84.7 12.1 
 DEMOGRAPHIC VARIABLES     
09 Population Density per Square Kilometer 17 5676 649 1434 
10 Urban Population (%) 34.2 100.0 59.0 20.1 
11 Population Aged 0-14 Years (%) 25.6 41.5 33.8 4.4 
12 Dependency Ratio (%)  40.4 86.3 61.8 11.6 
Note:  Variable 12, the dependency ratio, is a measure of the portion of a population which is composed of
dependents (people who are too young or too old to work).  The dependency ratio is equal to the number of 
individuals aged below 15 or above 64 divided by the number of individuals aged 15 to 64, expressed as a
percentage. 
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Table 5: Results of Correlation Analysis 
VARIABLES TESTED RESULTS 
ICT 
Usage 
Variable 
Socio-Economic Variables Pearson Correlation r Sig. level
Y1 Urban Population  0.843 .000 
Y1 Service Share in GDP 0.815 .000 
Y1 Population Density 0.795 .000 
Y1 Dependency Ratio -0.792 .000 
Y1 % of Population  Below 14  Years of Age -0.768 .001 
Y1 Per Capita GDP 0.756 .002 
Y1 Telephones per 100 Inhabitants 0.730 .005 
Y1 Agriculture Share in GDP -0.646 .009 
Y1 Non-Agriculture Share in GDP 0.646 .009 
Y1 Poverty Rate -0.609 .021 
Y1 Industry Share in GDP -0.343 .201 
Note: Sample size=15, and Y1 is the Internet penetration rate. 
 
Table 6: Results of Regression Analysis 
VARIABLES TESTED RESULTS 
ICT 
Utilization 
Variable 
Independent Variables Beta Coefficient R
2 Adjusted R2 
t 
Statistic 
ANOVA  
F Statistic 
Y1 Urban Population  0.843 .710 .688 5.6 31.8 
Y1 Service Share in GDP 0.815 .664 .638 5.1 25.6 
Y1 Population Density 0.795 .631 .603 4.7 22.3 
Y1 Dependency Ratio 0.792 .627 .598 -4.7 21.8 
Y1 Population Aged 0-14 Years 0.768 
.590 .559 -4.3 18.7 
Y1 Per Capita GDP 0.756 .571 .536 4.0 16.0 
Y1 Telephones per 100 Inhabitants 0.730 
.533 .491 3.5 12.6 
Y1 Agriculture Share in GDP 0.646 .417 .372 -3.1 9.3 
Y1 Non-Agriculture Share in GDP 0.646 
.417 .372 3.1 9.3 
Y1 Poverty Rate 0.609 .371 .319 -2.7 7.1 
Y1 Industry Share in GDP 0.343 .118 .050 -1.3 1.7 
Note: Sample size=15, and Y1 is the Internet penetration rate. 
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